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THE SOCIAL EFFECTS OF MASS PRODUCTION* 

By Dr. DEXTER S. KIMBALL 

DEAN OP THE COLLEGE OP ENGINEEBINO, CORNELL UNIVERSITY 


In the center of the theater district on Broadway, 
New York City, behind largo plate glass windows 
the(re stood a short time since a modem oigarette- 
making plant. One machine, fed constantly with pul- 
veriised tobacco leaf and wrapping paper, ejects con- 
tinuowly a cigarette bar which is cut into standard 
leihgtlis as it issues from the machine at the rate of 
500 cigarettes a minute. A neighboring machine takes 
the cigarettes and automatically places them in pack< 
ages, closes them and delivers the finished marketable 
pteduet. The degree of skill required to operate the 
machine is small, ihofigh, of course, some one must 
ftttly understand the mechanism and be competent to 
make adjustments. At the other extreme of size, 
ooQsidfiT the automatic factory of the A. 0. Smitli 

I Address of the vice-president and chairman of Sec¬ 
tion M—^Engineering, American Association for the Ad- 
TBUoement of Science^ Atlantic Oity, December, 1932. 


Company of Milwaukee. This great machine literally 
takes in steel plates at one end and ejects finished auto¬ 
mobile frames at the other at the rate of 8,000 daily. 
The machine, for such it virtually is, cost $10,000,000 
and requires only 200 men to operate it. Probably 
5,000 men would be required to produce the same 
result with ordinary processes. Here again, of 
course, there must 'be a certain number of skilled 
engineers who can adjust the machine, but the labor 
cost of actual operation is comparatively insignificant. 

4- survey of any progressive induatiy will reveal 
similar developments and constant progress toward 
the mechanization of its processes. Everywhere one 
finds the handicraftsman displaced by the machine and 
the semi-skilled operators, booked by the most lavish 
use of power the world has ever witnessed. In many 
instances the product is equal to or better than the 
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work of the artban and in all cases the volume of 
prodm^ per worker is vastly greater than can be 
achieved by handicraft. Of course, there is nothing 
new in principle in these developments, which began 
with the first stone axe and^ culminated in the indus¬ 
trial revolution. Until that event the tool had always 
been on adjunct to the skill of the worker; but the 
developments of the industrial revolution made the 
worker an adjunct to the maohino. 

Since 1000 the mechanization of industry has pro¬ 
ceeded at a rapid and apparently at an accelerated 
pace. As long as industry was prosperous and dis¬ 
placed workers, in some measure, could find work 
elsewhere, little attention was given to this tendency, 
though thoughtful writers have from time to time 
called attention to the problem. But the present de¬ 
pression has aroused more interest in the basic reasons 
for unemployment tiian any other in modem times, 
and for the first time technological unemployment, as 
this displacement of labor is called, appears as a vital 
issue and as a possible factor, in a large way, in the 
general problem of unemployment. 

The most natural reaction on first observing pro¬ 
ductive processes such as have been described is one 
of concern for the skilled workers who may have been 
displaced by the new invention and a consequent 
belief that such advanced methods can not be con- 
ducive to the welfare of the workers. If, however, 
tile observer should voice such fears probably he 
would be reminded of the great economic gains made 
by this country since modem manufacturing methods 
came into use and his attention would he directed to 
the high scale of living that the workers in this coun¬ 
try enjoy, the inference being that modem methods of 
production can not in the long run be anything but 
helpful for all. While much can be said in support 
of both of these somewhat antipodal assertionB, 
ndther of reveal the trials and tribulations 

through which many men have passed in building up 
our present level of existence, they throw no light 
upon the complex forces operating in the industrial 
field, nor do they even in a remote manner advise us 
as to whether the net trend is for good or evil. 

Whenever an advanced process, such as those re¬ 
ferred to in the foregoing, is set in motion, several 
economic changes at once become operative. The first 
is an increase in the capital inveatment and a further 
separation of the worker from the ownership of the 
tools of industry. This tendency is not connected 
directly with this present discussion, except that it 
has progressively closed certain avenues of escape 
open formerly to the worker under simpler industrial 
conditions. As industrial equipment hm grown more 
complex and more expensive, th^,workaris industrial 
independence has decreiued until to-day he is no 
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longer an economic selfiauttmopt unit, bnt 
largely upon capitalistic management fmr m oppon* 
tumty to earn his daily bread* OoDSequea^, ilia need 
of protective measures in his behalf increases daily. 

The greatest and moat immediate menace to the 
worker because of industrial progress is this dis- 
plaomSent in favor of more highly developed maiddn^ 
in the hands of less skilled workers or '^degradation 
of labor,” as it has been called. In the Cariy days of 
the industrial revolution in England the ruthless ap¬ 
plication of improved methods in the textile indus¬ 
tries and the displacement of handicraft workers by 
machinery operated by children of tender years forms 
one of the darkest pictures in modem industrial his¬ 
tory. Such direful conditions never prevailed in this 
country, even from the earliest days. Industry itself 
was in the making, the frontier was always accessible 
and a change from one calling to another not so difBl- 
eult as at present. Even during the rapid expansion 
and development of industry in the latter half of the 
last century, technological unemployment was never a 
serious issue, though it had begun to raise its head. 
This is not to deny, of course, that at times mid 
places much distress has occurred because of sudi 
displacement. Industrial progress is necessarily ac¬ 
companied by change and apparently such diange is 
neoeeaarily accompanied by suffering on the part of 
some one. Progress, change and distress for Some 
persons appear to be concomitant The U. 8. Census 
Eeport of 1900 mentions this tendency speoifieally as 
a menace to the wage-earner and predicts a doleful 
future for the wage-earning class in the following 
words: 

A factor that has a real tendency to lower the aotual 
earnings of the wage earner in many industries is tiie 
displacement of the skilled operator by maehinery which 
permits the substitution of a comparatively unskilled 
machine hand. This tendency is noticeable in many lines 
of industry. Its effects are twofold; to reduce the 
number of employees producing the same or an ittcreased 
quantity of product and hence to lower the total wgges 
of the group; and to reduce the average rate Cf wages 
because of the lower d^ee of required. The 
of the introduction and improvement of machinery upon 
the condition of the ridlled artisan is an eeonomhi ques¬ 
tion of the greatest importance. 

Here is analysis aud prophecy, thq aocoraf^ of 
which will be diseusaed sabeeqn^tly, 
nation of some other phases of the probteiOi. , 

If this displacsment of labor, ha desoribl^ i^ ^e 
foregoing, were the onl^ of laod^ 
methods we should have 
great cfifftouUies. 

quently displamng UApr of a eerti^ 
provides employinmit for wb^sTaV^ 
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of skill, and thereb 7 ^'extends^^ the field of indnstry 
to workers who otherwise could take no part in mod* 
em manufacturing. Hence in the older callings that 
have been mechanized, shoes are no longer made by 
shoemakers, watches by watchmakers, or knives, forks 
and spoons by skilled cutlers and silversmiths, but by 
semi-skilled workers operating highly developed 
machines. More important still, these new methods 
and processes havo made possible the building up of 
new enterprises of vast proportions, such as the sew* 
ing machine, the automobile, telephone, radio, refrig* 
eration and other new industries, and which, but for 
modem methods, must havo remained small in size 
with their products classed as luxuries. And these 
new mechanized industries in turn have given rise to 
supporting industries of great importance. Thus it 
is estimated that the automotive industry when busy 
gives direct employment to 800,000 workers and in¬ 
directly to 4,000,000 workers who supply equipment, 
raw materials, accessory parts, gasoline, etc. The 
plants of the Western Electric Company, which is 
the manufacturing arm of the American Telephone 
and Telegraph Company, have a normal capacity of 
over 50,000 workmen and the supporting industries 
must employ many thousands of workers. One 
wonders what this army of men would be doing if 
these new developments had not appeared. 

The history of the development of these new factors 
in our existence should be noted, for it gives a clue to 
the character of the inventions which may be needed 
to hold the pace that has been set. The story of one 
is the story of all. First, there appears the period of 
invention and incredulity on the part of the public. 
It is only a few years ago that the electric motor was 
looked upon as an interesting toy, and the same was 
true of the telephone. A very few years ago the 
drivers of “horseless carriages^' were viewed with mild 
amusement. Then comes the period when it is a 
luxury to possess one of the new devices. In the 
year 1880, for instance, it cost as high as $280 to 
have a private telephone. Finally, when the new 
device has proven its usefulness, mass production re¬ 
duces the cost, and it becomes an economic necessity, 
the number in use depending sometimes, as in the 
case of the watch, almost solely upon the population. 
The sewing machine^ the telephone, the automobile 
and other modem products have all justified their 
existence economically. It should also be noted tha^ 
the driving power back of these modem methods is 
increased production and decreased costs. And it is 
a peculiar characteristic of thw methods that as the 
quantity to be manufactured is increased, the unit 
costs can be decreased, which stimulates consumption, 
and this in turn reacts upon production, thus creating 
an eve 3 >widemng cycle increasing production and 


decreasing costs until some limiting factor checks the 
movement. The results of thin cycle ore too well 
known to merit discussion, but it may be noted that 
in all probability the greatest value ever offered the 
public for every hour of labor expended is to be 
found in some of the moderate priced automobiles. 
How cheaply they may be produced time, only, will 
tell. The net result of modem methods, therefore, has 
been a vast increase in the quantity of manufactured 
goods and a remarkable decrease in the cost of them. 
It should be remembered that these methods have also 
been refiected in the basic industry, agriculture, and 
it would appear that the problem of production is 
fairly well solved, since at this moment we are pro¬ 
ducing more goods and more food than we can con¬ 
veniently use, or rather more than we can intelligently 
distribute. 

In rdsume, therefore, as industry advances, some 
classes of workers are displaced, while at the same 
time other workers of lower degree of skill are given 
employment in callings hitherto closed to thenu The 
displaced workers may find employment at the same 
economic level elsewhere, or they may be compelled 
to drop to the level of the new semi-skilled g^oup. If 
the displaced workers are skilled in the machine build¬ 
ing trades, they are usually absorbed by these callings, 
and the movement in general has been of advantage 
to the so-called “mechanic arts” group through the 
great development of the machine-construction indus¬ 
tries. Other classes of workers have not been so for¬ 
tunate, for it should be remembered that it is very 
dif&oult for a mature man of limited education to 
change his calling, to say nothing of the restrictions 
now imposed by trade unionism upon such changes. 
The statement so often made that displaced workers 
“find work elsewhere” is not always true, and if they 
do so it may be at an economic sacrifice. In time, of 
course, the displaced workers pass out of the picture 
so far as their old vocation is concerned, and the 
calling appears in a greatly modified form. 

For the new groups that have been recruited, the 
conditions are usually the reverse. Given a small 
amount of training, they can be made more highly 
productive than formerly, th^ can render a greater 
service to society, and their remuneration in general 
is increased. That is,^ey may be, and generally are, 
elevated economically and os a natural result socially. 
The absorption of immigrant people and their de¬ 
scendants by the industries of New England and their 
eoonomio and social elevation is too well known to 
need disousaion, and the prooess still oontinnes, not 
only there, but in every manufacturing center of this 
country. 

Until quite recently, our industrial prbgress was 
viewed with oonsdderable satisfaction. Our per capita 
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wealth has risen from $383 in 1850 to about $3,500 
at the present time. Our national wealth has reached 
the unprecedented total of about $400,000,000,000 
and our national income approximated $90,000,000,- 
000, a most remarkable amount. Our scale of living 
exceeded anything in history, and despite the present 
depression, other nations, notably Germany and lius- 
sia, are eagerly studying our methods and adopting 
those that may help them to emulate our success. It 
appeared to many of us that we had really entered a 
new era and that we had in some measure solved the 
problem of living through high wages and a constant 
increase in the manufacturing cycle that has been 
described. The depression, therefore, came as a very 
painful reaction to many. 

Economists in times past have usually looked for 
the causes of depression in the law of supply and 
demand, a change in the supply of gold or in some 
disturbance in international trade, all of which would 
be adjusted with time. But now for the first time a 
new and sharp question is raised concerning our 
manufacturing methods and etjuipment, and the fear 
is expressed that our industrial equipment is so effi¬ 
cient that permanent overproduction, for the markets 
available, has occurred and that consequently tech¬ 
nological unemployment has become a permanent 
factor unless remedial efforts are put in force. Other 
critics contend that our methods of distributing the 
products and profits of industry are hopelessly anti¬ 
quated, and that overproduction can not occur as long 
as there is poverty, want and ignorance. It is indeed 
a paradox to see storerooms filled with raw material, 
shoe factories equipped with the most efficient machin¬ 
ery man had ever produced, and workmen, anxious 
and willing to work, walking the streets almost with¬ 
out shoes for themselves or their families. It is not 
the province of this article to discuss this last con¬ 
tention, but it must be admitted that our present 
methods of distribution, are hopelessly behind our 
powers of production in scientific background and 
direction. And without doubt we shall not achieve 
any marked relief from some of our industrial troubles 
until the same methods of analysis are applied to 
distribution, including tariff-making, that have pro¬ 
duced our magnificent machinery of production. 

Many economists believe that permanent techno¬ 
logical unemployment is unlikely or even impossible. 
Briefly, they argue that, as has been stated, techno¬ 
logical progress increases the quantity and reduces 
the cost of production. This in turn creates a greater 
demand and hence enlarges the opportunities for 
labor. Or, if the demand is inelastic, even at reduced 
costs, the savings, either to the consumer or the pro¬ 
ducer, are eventually invested through banks in the 
production of other products, and thus the field of 


industry is indirectly expanded. Unfortunately, we 
have little quantitative knowledge concerning these 
complex relations. There are some facts concerning 
some individual industries, however, that are illumi¬ 
nating. 

The census of 1900 lists the number of workers in 
the shoomaking industry, both handicraft and factory, 
as 153,600 and gives their earnings as $63,304,344, or 
about $415 per person. This industry has been very 
fully mechanized, yet in 1914 the number employed 
was 191,555, with average earnings of about $522 per 
person. In 1925 there were 206,992 workers in the 
industry, with total earnings of $225,787,981, or about 
$1,090 per person. The purchasing power of the 
dollar of 1925 was about 66 per cent, of that of 1914 
and 53 per cent, of that of 1900, but even with these 
allowances there has been a gain in real wages since 
1900. Furthermore, in 1900 there were 4,849 children 
under 16 years of age employed in the industry, with 
yearly earnings of about $177 per year per child. No 
such conditions are tolerated to-day in progressive 
states. 

Again, in the printing industry, which also has been 
highly mechanized, the census of 1900 gives the num¬ 
ber of workers as 162,992 with yearly earnings of 
$84,249,963, or about $517 per pei'son. The census 
of 1925 lists 251,276 persons as employed in this 
calling with total annual earnings of $438,832,974, or 
about $1,746 per person. Here again, allowing for 
the difference in the value of the dollar, there has 
been a decided gain in earnings. Furthermore, such 
statistics do not take into account the increased em¬ 
ployment due to the production of machinery for 
these industries. In 1925 the value of the printing 
machinery produced in the United States was $69,- 
216,683, and the corresponding value of shoemaking 
machinery was $11,769,137, and each of these machine 
industries in turn has many ramifications, the money 
value of which would be difficult to compute. No 
doubt an analysis of other industries over this period 
of rapid mechanization would show similar results 
and it would appear that so far as some individual 
callings are concerned, the recorded experience does 
not bear out in any way the gloomy predictions of 
the editor of the Census of 1900 quoted in a preceding 
paragraph. And it is fair to assume that under pres¬ 
ent circumstances any calling that is transformed by 
mechanization will stabilize “in the long run,” as 
economists say, on a higher level so far as those 
workers who survive the change ore concerned. We 
need not be troubled apparently at the final results 
of such metamorphoses. It is the immediaU results 
of such changes that are now engaging the attention 
of thoughtful men, 

It is usually assumed by ardent advocates of Indus- 
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trial progress that the workers who are displaced by 
reason of advanced technological methods, whether 
mechanical or administrative, will find work elsewhere. 
This is not so easy to do. In former days, when 
industry was simpler, less specialized and less highly 
organized, such a transfer was not so difficult without 
great loss of time or economic standing: but conditions 
are vastly changed. The displaced worker is, in gen¬ 
eral, debarred from engaging in his wonted calling 
on his own responsibility, both for lack of funds and 
administrative experience. It is this lack, indeed, that 
makes oooperative production so difficult, if not im¬ 
possible, under modem conditions. Again, the dis¬ 
placed worker can not, in general, engage in some 
other calling, at the same economic level, since his 
knowledge, skill and experience are not transmutable. 
If he does find employment in some other calling it 
is usually at a lower salary, that is, he suffers degra¬ 
dation of labor, so called. The few statistical studies 
that have been made of this problem indicate clearly 
that many displaced workers find employment else¬ 
where only after a considerable period of idleness and 
often at a lower wage scale. These difficulties are, of 
course, greatly increased where the decline in employ¬ 
ment is such as to require the worker and perhaps his 
family to migrate to some distant point, a procedure 
that ho faces with greatest reluctance. The most 
startling index of these new and changed conditions 
is the growing group of men over forty years of age 
that are finding it very difficult to get a foothold in 
industry once they are displaced for any cause. In 
this sense it may be that permanent technological 
unemployment already exists to a certain extent. It 
is, therefore, the immediate and not the ultimate re¬ 
sults of technological progress that are of greatest 
concern and it is an open question as to how far we 
should permit the good of the majority to be advanced 
at the cost of suffering and poverty on the part of 
the minority. We are sadly lacking in accurate data 
as to the quantitative results of modem methods as 
affecting permanent unemployment. Perhaps nothing 
but a careful study of these phenomena or a prag¬ 
matic return to normal production can reveal to us 
with surety just what the true trends are, but in the 
meantime there axe indications enough to put us on 
our guard os industry becomes increasingly scientific 
in its background and practices. 

If an understanding of past progress and preserft 
eonditions be important, some estimate of what the 
future may hold is even more so. The last thirty 
years has witnessed an unprecedented improvement in 
the science and art of production. Not only has this 
reshaped many of the old callings, but in some cases 
new and unheard-of industries based upon scientific 
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processes have placed products on the market that 
have threatened or even obliterated old industries. In 
addition, the entire philosophy of industrial manage¬ 
ment has been rebuilt and made much more efficient. 
In its effect modern management is analogous to im¬ 
proved mechanical methods in that it aims to produce 
more per worker and hence tends to technological 
unemployment. There has also been a vastly greater 
use of power, particularly in heavy construction. 
Dean W. B. Donham, of the Harvard Graduate School 
of Business Administration, in his excellent and 
thought-provoking book, ‘‘Business Adrift,” voices 
the opinion that “technological progress in the direc¬ 
tion of better processes and methods will continue 
and accelerate during the generation ahead of us.” 
He makes a similar prediction concerning the progress 
of efficient management. This may or may not be a 
true prediction, but if it be true, there are certain 
features of our economic life that must be studied 
carefully if our present system is to endure and if we 
are to keep up the present level of existence and 
escape extreme technological unemployment. 

First, our home markets must be developed exten¬ 
sively. Foreign trade must, of course, be cultivated 
as heretofore, for the United States is far from being 
self-sufficient in the materials needed in modern in¬ 
dustry, and it would appear that progressive nations 
are increasingly interdependent. But the field of for¬ 
eign trade promises to be a very crowded place in 
the near future, and one in which our high tariff 
will not be a welcome passport. This means also the 
full evaluation of such economic theories ns high 
wages and consequent high purchasing power. Our 
own people now purchase 90 per cent, of our prod¬ 
ucts, it is said. Can this ratio be maintained if new 
methods greatly increase production ? New inventions 
of economic value must be found, which, like the 
automobile, the radio, etc., will absorb the surplus 
labor and the increase in population. No such inven¬ 
tions are at present on the horizon, but no one knows 
what the day may bring forth. Industry individually 
and collectively must plan a program years in ad¬ 
vance and thus endeavor to reduce the periods of 
feverish activity and corresponding periods of depres¬ 
sion. Much thought is even now being given to this 
problem by forward-looking industrialists and econo¬ 
mists in the hope that the business cycle can be con¬ 
trolled. Manufacturing must be freed from the in¬ 
cubus of speculation. Its inherent troubles are great 
enough without bebg thrown out of balance periodi¬ 
cally by spaszns in the stock market. It is inevitable^ 
I believe, that we shall come to a shorter working 
week. There is nothing new or startling in this idea. 
Not many years ago the working day in most fao- 
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tones was twelve hours long for six days in the week, 
or 72 honrg for the week. This working period has 
fallen steadily to approximately 44 hours a week of 
eight working hours a day. How much shorter the 
working week may be, time and technical develop¬ 
ments alone will determine. And, lastly, management 
must provide a greater degree of security for the 
worker against unemployment and indigence in old 
age, the two calamities most dreaded by the worker. 
In such a program the effect of new technological 
processes in effecting unemployment must be studied 
in advance of their application. It may well be that 
we shall see legislation making it obligatory upon the 
part of ownership to provide some means of escape 
for displaced workers, though a happier solution 
would be a humanitarian interest in this problem on 
the part of the employing clan’s that wjll minimise 
this difficulty by allowing longer period of readjust¬ 
ment and such provision for the transfer of displaced 
workers as may be possible. Unless some such pro¬ 
gram as this can be put into effect, an acceleration 
of our industrial machinery will make life unbearable 
for a large part of our population. 

Personally, I am not convinced that the rate of 
progress during the next thirty years will be as rapid 
as during the last thirty. Scientific progress we shall 
surely see, and this is sure to be reflected in our indus¬ 
trial methods. But there are reasons, also, for believ¬ 
ing that retarding factors are already at work. The 
most important of these is the old law of diminishing 
returns that so for has never failed to put in an 
appearance where economic progress has been active. 
Only a few of the more easily recognized indications 
of the working of this principle can be given here. 

Consider first the transmission of intelligence by 
the telegraph and the telephone, which probably have 
accelerated the pace of modem industry as much os or 
more than any other factors. It is not conceivable 
that this quickening effect can be greatly increased. 
The solution of this problem is practically perfected. 
Since 1880 the time required to cross the continent by 
rail has been reduced from eight days to less than 
four. It is not conceivable that the next fifty years 
will witness anything like a proportionate reduction 
in rail time, and flying is still to be fully developed. 
Again in 1880 steamships were crossing the Atlantic 
in about eight days. The new giant liners now under 
construction are expected to make the passage in four 
days. Again it is not conceivable that this time will 
be reduced to two days in the next fifty years. The 
new methods of industrial management have acceler¬ 
ated industry and much more can be done in that 
field, but its limitations have abready been evaluated 
by thoughtful obsbrvm It is a well-known fact that 


in all engineering it is becoming progressively difficult 
to increase the efficiency of operation of power plants 
and machinery, in general. 

Lastly, and most important of all, there are good 
reasons for believing that there are economic limita¬ 
tions to the growth in the size of manufacturing 
enterprises and consequently to the efficiency of mass 
production itself. Indeed, if the facts were known, it 
probably would be found that many modem indus¬ 
trial enterprises have already passed the point of 
greatest efficiency and greatest economic returns. The 
value of the industrial product per worker in this 
country in 1900 was about $1,600, while in 1919 (the 
lost census in which such data are available) this 
ratio had risen to $7,500. Making due allowance 
for the changed value of the dollar, this is a great 
gain in production per worker. But the ratio of the 
value of products to the capital invested has decreased 
steadily for a number of years. In 1850 this ratio 
was close to 2, but it has fallen progressively until in 
1919 it was only 1.39. This would appear to indicate 
that even if the number of workers were materially 
reduced in favor of more refined machinery the <K>st 
of production will eventually rise with increased com¬ 
plexity of mechanisms. This is already foreshadowed 
in some industries where the fully automatic machine 
as yet is not so economical as the semi-automatic 
operated by a skilled worker. Barring some new and 
eruptive change like the industrial revolution there is 
little likelihood of startling changes in the immediate 
future. 

Finally, whether industrial progress be slow or 
rapid, these new methods are here to stay and their 
deeper significance should not be forgotten. Through 
them there is held out a hope that as we have achieved 
political and religious freedom, so we may also achieve 
economic freedom, freedom from physical drudgery 
and an opportunity for all men to live like men and 
not like beasts of the field, os the majority of our 
ancestors have done. But this will be no easy task, 
for it involves many changes in our ideas of economics 
and government. It involves the discarding of some 
economic ideas and taboos of Adam Smith and others 
who viewed industry as handicraft and the worker as 
a self-sufficient economic unit. And it also involves 
a realization on the part of ownership that it can no 
longer absolve itself from the responsibility of either 
eontroUing the business cycle or making the effort to 
provide continuous dividends to industry as it now 
does to insure continuous returns to capital. We can 
not continue with the present uncertain methods faced 
with even moderate technological progress. 

Make no mistake in this matter. If we shall achieve 
a semblance of economic freedom for all men, a high 
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gtaadard of life, seoority and delight in work, and 
leisure, it; will be through much trouble and opposi¬ 
tion, such as men have always encountered in winning 
political and religious freedom. There is an oppor¬ 
tunity to attain this economic freedom in the United 


States by peaceful means, and this problem offers a 
challenge to business men, economists and engineers 
such as no similar group has ever had. Will they 
have the vision, courage and intelligent statesmanship 
to accept this challenge? 


PREVENTION OF POLIOMYELITIS* 

By Dr. SIMON FLEXNEK 

miUECTroa or thk rooketeli^kr institute roa medical research, new tork 


Ths evidence presented on the mode of infection 
in poliomyelitis has established two important facts: 
First, that the disease is a particular form of infection 
of the upper respiratory tract; and second, that in 
harmony with other epidemic diseases of respiratory 
origin, the cases arising during an epidemic cover a 
wide latitude in degree of symptoms and pathological 
effects. There is consensus of opinion among clini- 
cians that the number of children suffering some de¬ 
gree of infection, the slight oases expressing them¬ 
selves as minor illnesses only, is very large, being in 
comparison with the number that are frankly para¬ 
lyzed many times aa great. The wide occurrence of 
the slighter forms of infection can be taken as a 
means, favorable in character, of delimiting the 
prevalence of the severer affection, since early experi¬ 
mental observations showed Lewis and myself® that 
any degree of actual infection, irrespective of whether 
muscular paralysis arose or not, protected the inocu¬ 
lated monkeys from the effects of a second administra- 
tibn of the virus. 

Hence the investigation of the immunological phe¬ 
nomena in poliomyelitis became at once a rewarding 
field of experiment. The knowledge of the phenomena 
has become considerable during the twenty-year 
period of the experimental study of the disease, and 
the application of this knowledge to the prevention 
of epidemic poliomyelitis has met with encouraging 
results in the severe outbreaks occurring in New York 
State in 1931 and in Pennsylvania in 1932. I shall 
endeavor to guide you quickly through the main dis¬ 
coveries which have led to the practical achievements 
to be described. It is, however, necessary at the outset 
to explain that I have taken the lecturer’s privilege 
of including in this statement certain later results 
bearing out the earlier ones presented, which were 
obviously not available when the lecture was delivered. 
It is sometimes advantageous to defer writing a lecture 
until the time of publication arrives, especially when, 

1 Abstracted from the John M. Anders Lecture on 
Poliomyelitla delivered at the College of Physicians, 
Phllad^hia, Janua^ 6, 1933. 

i S. ficxner and P. A. Lewis, Jour. Am. Med. A»m., 
Uv, 46, 1910; Jour. Map. Med., xU, 227, 1910. 


as in this instance^ a new method has been under trial. 
During the intervening period, the method may have 
been given a wider test, with results sometimes favor¬ 
able, and of course sometimes unfavorable to its em¬ 
ployment. We appear in this instance to be in the 
happier situation, and while it is still too early to pass 
final judgment on available means of preventing polio¬ 
myelitis in the young during the prevalence of an 
epidemic, it is desirable that the nature of such means 
shall become widely known, since epidemic poliomyeli¬ 
tis continues to appear annually in some parts of 
America and Europe during the summer and autumn 
season. 

The observation of Lewis and myself, already re¬ 
ferred to, that monkeys which had recovered from an 
attack—^irrespective of its severity—of experimentally 
induced poliomyelitis were not subject to reinfection, 
led* quickly to the testing of the blood of recovered 
monkeys and human beings for immune substances to 
which the protection might be attributable.® Tests 
made almost simultaneously in France, Germany and 
the United States disclosed the existence in the blood, 
after recovery from the disease, of neutralizing, anti¬ 
viral bodies. A mixture consisting of the virus of 
poliomyelitis and the serum of the blood was injected 
into monkeys. No symptoms of disease tended to 
arise from this injection; while mixtures of virus and 
normal monkey serum, or the serum of many, but not 
all persons not known to have had poliomyelitis, 
proved incapable of protecting the animals against 
the onset of the symptoms, including paralysis, char¬ 
acteristic of the experimental disease. I shall return 
a little later to a consideration of the circumstances 
under which the blood of supposedly normal indi¬ 
viduals acts in a measure similar to that of persons 
known to have had paralytic poliomyelitis, since this 
action has come to have such pregnant meaning. 

Let me repeat, the blood of normal monkeys in¬ 
variably failed to act upon or neutralize the virus of 

sp. H. Eiimer and K. Joseph Kiinoh. med. Wooh., 
IvU, 668, 1910; C. Levaditi and K, Landatelner, Compt. 
rend. Soc. hioh, IxvlU, 311, 1910; 8, Flexner and P, A. 
Lewi^ Jour. Am. Med. Assn., liv, 1780, 1910; A. Netter 
and C, Levaditi, Presse rtUd., xviii, 268, 1910. 



8 


SCIENCE 


VoL, 77, No. 1084 


poliomyelitis. The neutralizing property was detect¬ 
able only when the inoculated monkeys had shown 
unmistakable signs of infection, although these signs 
may have been fleeting in character and wholly devoid 
of a paralyzing effect. Monkeys which receive the 
virus in the ordinary process of inoculation and resist 
all infection—cither because the virus employed is too 
weak or too small a quantity is used, or because indi¬ 
vidual monkeys are exceptionally refractory—^remain 
normal in regard to the antiviral action of the blood 
and capacity to respond with paralytic symptoms 
when a more effective inoculation is made. 

In the light of the fact that monkeys are not natu¬ 
rally afflicted with poliomyelitis, as is man, it is sig¬ 
nificant to note not only that normal monkeys do not 
exhibit the blood antiviral property, but that the blood 
of recovered monkeys is weaker in antiviral substances 
than is the blood of recovered persons. For the soke 
of convenience it is customary to speak of the neutral¬ 
izing, antiviral blood serum obtained from recovered 
persons and monkeys as ^^convalescent serum.^* Thus, 
monkey convalescent serum is leas potent than human 
convalescent serum. But the potency of the former 
can be markedly increased by the additional injection 
of virus into recovered monkeys, a process which 
Lewis and I called reinforcement.* Reinforced (or 
hyperimmune) monkey serum equals or even surpasses 
in neutralizing power the convalescent serum obtained 
from human beings. 

Neutralization of the virus by convalescent serum, 
monkey and human, was established originally by test 
tube experiments. As already stated, virus and serum 
were mixed before the mixture was injected into mon¬ 
keys. Since under such conditions no infection oo- 
ourred, the immediate question which arose was 
whether neutralization could also be effected inside 
the animal body, that is, when virus and convalescent 
serum were injected separately. While the test tube, 
or in vitro demonstration, of the presence of antiviral 
bodies in the blood undoubtedly threw light on im¬ 
munity in poliomyelitis, it was thought that the deter¬ 
mination of neutralization in vivo might possibly lead 
to therapeutic application. The tests carried out by 
Lewis and myself® consisted of the intracerebral in¬ 
oculation of virus and the intraspinal injection of 
convalescent serum into monkeys. The intracerebral 
method is the most effective that is known for inducing 
the infection; the intrathecal injection is the most cer¬ 
tain and efficient procedure for bringing the neutral¬ 
izing serum into intimate relation with the nervous 
tissues, including the nerve cells, and hence for the 

* B. Flexner and P. A. Lewis, Jour. Am. Med. Aaen., 
Uv, 1780, 1010; Iv, 602. 

0 8. Flexner and P, A. Lewis, Jour. Am. Med. Aesn., 
liv, 1780, 1010. 


blocking of the cells against the entrance of the virus, 
the injurious effects of which are responsible for the 
severe symptoms of the disease. While it is true that 
under physiological conditions the flow of the cerebro¬ 
spinal fluid, into which the serum is introduced, is 
away from the nerve tissues, the small rise in pressure 
produced by the injection suffices to reverse the cur¬ 
rent, bringing the serum into intimate contact with 
all the constituents of the tissues, including the nerve 
cells.® 

The results of the in vivo experiments can be stated 
briefly. When the virus is injected not longer than 
from 18 to 24 hours before the serum, and the amount 
of virus introduced into the brain does not exceed a 
fixed quantity, neutralization in vivo can be acoom- 
plished. Neutralization may be complete, when no 
symptoms whatever arise; or it may be partial, in 
which instance mild symptoms appear after a longer 
incubation period. Ordinarily the experimentally pro¬ 
duced paralytic disease in the monkey is severer than 
the paralytic disease in man. While the mortality of 
the human affection is 20 per cent, or less, that of the 
frankly paralyzed monkey is 60 per cent, or more. 
When monkeys recover at all, they have as a rule 
merely passed through a mild attack of the experi¬ 
mental disease, such as is produced with weak virus 
strains or after partial neutralization of the virus. 
The in vivo experiments showed, therefore, that the 
action of the virus already present in the animal body 
could, under certain conditions, be suppressed. Sup¬ 
pression is, however, possible only when the immune 
serum is injected before symptoms of infection arise; 
once signs of infection are present, the serum is in¬ 
capable of preventing the ordinary course of the 
disease from supervening. 

The test by intracerebral inoculation is the most 
drastic one that can be devised. It exceeds in severity 
the conditions of infection occurring in man. In the 
human being, the virus is believed both to enter and 
to leave the nervous system by way of the nasal 
mucous membrane; we^ early found that the virus 
implanted in the brain escapes into the nasal mucosa. 
This observation was quickly followed by the induc¬ 
tion of the experimental paralytic disease through the 
instillation of the virus into the nares,® which finding 
in turn soon gave rise to the discovery that the intra¬ 
thecal injection of serum prevents the development of 
infection by way of the nasal membrane.*^ It has, 

»L, H. Weed and P. 8, McKibhen, Am. Jour. Phpeiol, 
xlviil, 512, 1010. 

T8. Flexner and P. A. Lewis, Jour. Am. Med. Aean., 
Uv, 536, 1010. 

*8. Flexner and P. A. Lewis, Jour. Am. Med. Aem^t 
Uv, 1140, 1010; 8. Flexner, Jour. Am. Med. Aeen., Iv, 
110 ^ 1010 . 

9 6. Flexner and F. A. Lewis, Jour. Am. Med. Aaen., 
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indeed, proven easier to prevent infection by the nasal 
than by the cerebral route of inoculation.^® An im¬ 
portant consideration is that the time interval between 
the nasal instillation of virus and the intrameningeal 
injection of serum may be lengthened with security 
beyond the period of safety that has been determined 
when the virus is inoculated into the brain. Moreover, 
convalescent serum injected into the meninges is 
equally capable of preventing infection by virus intro¬ 
duced into the blood and the immune serum is also 
protective, under certain circumstances, when the in¬ 
jection is made into the blood stream instead of into 
the membranes surrounding the brain and spinal 
cord.’® 

Professor Netter, of Paris, in 1911,’® seized upon 
these experimental results and introduced into prac¬ 
tice the convalescent serum treatment of poliomyelitis 
which has since been the subject of so much discussion. 
It soon became apparent that, once paralysis bad 
appeared in human beings, the serum was quite pow¬ 
erless to induence the disease. As means of dia^osis 
became more accurate and instances of preparalytic 
poliomyelitis could be diagnosed with greater cer¬ 
tainty, the use of the convalescent serum was increas¬ 
ingly restricted to these early cases. Medical opinion 
is still divided as to whether the serum is effective even 
under these circumstances. The matter has indeed 
become largely a statistical one, and hence it is not 
likely that a definite decision will be made immedi¬ 
ately,’* Epidemic poliomyelitis is a protean disease, 
symptomatically considered, and its effects are so 
varied that the outcome of individual preparalytio 
cases can not be predicted with certainty. Even the 
comparison of alternate cases in which serum is given 
with those from which it is withheld, is at best but a 
rough measure of effectiveness, since so much may 
depend on the way in which the choice of cases is 
made. I have attempted to formulate my own views 
on this debated subject’® which I venture to restate 
here: 

My own experience has been chiefly with the experi¬ 
mental disease in monkeys. There the use of immune 
serum does make a difference., As between human beings 
and monkeys, the conditions are not identical; but the 

liv, 1780, 1910; S. Flexner, Tr, Assn, Am. Physn., xxvi, 
67, 1911. 

10 S. Flexner and H. L. Amoss, Jour. Exp. Med,, xxxi, 
123, 1920. 

S. Flexner and H. L. Amoss, Jour, Exp. Med., xxv, 
626, 1917. 

18 8, Flexner and F. W. Stewart, Jour, Am, Med. Assn., 
xel, 388, 1928; New England Jour, Med,, exoix, 213, 1928. 

18 A. Netter, A. Gendron and Touraine, Compt, rend. 
8oo, hiol., Ixx, 026, 1911. 

1*8. D. Kramer, W, L. Aycock, C. I. Solomon and 
C, L. Thenebe, New England Jour, Med,, cevi, 432, 1932; 
W. H. Park, Tr, Assn, Am, Physn,, ilvii, 123, 1932. 

18 8, Flexner, Jour, Am. Med, Assn,, xeix, 70, 1982. 


advantage is in part with human beings. Among them 
we find far more of the mild or preparalytic cases. In 
man there is, therefore, an inherently effective agency at 
work in aborting poliomyelitis. This agency is far less 
effective in monkeys in which the experimental disease 
tends to be severe and fatal. The severe form of the 
experimental disease in monkeys can be prevented or 
mitigated by means of immune serum. Since the prac¬ 
tice of medicine is applied to individuul cases of disease 
and does not, except statistically, deal with disease in 
mass, the question may fairly be asked whether the pre¬ 
existing mechanisms in man tending to confine and abort 
the virus infection, can not in some instances be supple¬ 
mented and fortified by convalescent serum. It is gen¬ 
erally agreed that the use of the serum docs no harm. 
Since it can nut be affirmed that in individual cases it 
does no good, and a body of medical opinion exists in 
its favor, the question arises of whether its use should 
be withheld. This question is to bo answered not by the 
pathologist, but by the physician. If a better, more cal- 
rulablo method of preventing paralysis wore known, that 
is, a surer way of supplementing the normal mechanism 
tending to restrain the action of the virus before it 
causes functional injury to the nerve cells, this question 
would not arise. But there is no bettor or more calcal- 
able method known. The choice is, therefore, between 
no therapeutic intervention at all and a kind of inter¬ 
vention believed to be harmless and not known actually 
not to be sometimes useful in cases of this tragic disease. 

Up to this point we have dealt with the restraint 
of the virus when it is mixed with immune serum in 
the test tube, or when the virus introduced into the 
animal body is followed by the injection of serum 
before symptoms of infection have arisen. The next 
problem to be considered related to the possibility of 
restraint of the virus when the serum is injected sev¬ 
eral days in advance of the virus. The answer to this 
question received from experimental work promises 
to bear on a possible preventive measure—passive 
serum protection—against epidemic poliomyelitis. 

Stewart and I on addressing ourselves to the solu¬ 
tion of this problem found that serum prevention is 
not only experimentally possible, but that the block¬ 
ing effect against the entrance of the virus into the 
nerve cells endures for several days after an intra- 
spinal injection, and occurs even after an intravenous 
injection of convalescent serum. Having in mind the 
practical implications of these observations, we pro¬ 
posed “that in the event of severe outbreaks of epi¬ 
demic poliomyelitis, convalescent human serum be em¬ 
ployed to afford passive protection to persons—chil¬ 
dren especially—menaced by the disease.’^’® 

The experimental results having been successful, w© 
regarded it desirable to apply the method of protec¬ 
tion to children and young adults exposed to epidemic 

18 8. Flexner and F. W. Stewart, Jour, Am, Med, Assn., 
xci, 883, 1928; New England Jour. Med., exeix, 213, 1928. 
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poliomyelitis. During the next two or three years, of 
a number of such persons injected with convalescent 
serum, none developed the disease; but the number 
was too small to permit decisive conclusions. An op¬ 
portunity came, however, with the overwhelming New 
York City epidemic of 1931, at which time we recom¬ 
mended the protective injection of convalescent serum 
or its near equivalent, blood from normal adults, 
parents by preferenoe.^^ The amounts of convales¬ 
cent serum available are too limited to serve for mass 
immunization. Several thousand children were treated 
in this manner, and among them the incidence of 
poliomyelitis was believed to be lower than in the 
uninjected population. The procedure employed was 
to withdraw from parents blood taken under sterile 
conditions and to inject 30 cubic centimeters or more 
of the uncoagulated blood intramuscularly into the 
children. 

Allusion has been made to the fact that the blood 
of normal adults oilers a substitute for the convales¬ 
cent serum. The history of the discovery of the virus 
neutralizing property possessed by the blood serum of 
normal adults on the virus of poliomyelitis is instruc¬ 
tive. In the year 1911, Anderson and Frost'® investi¬ 
gated the so-called '‘abortive cases” of poliomyelitis 
to which Wickman^s attention has been forcibly di¬ 
rected in the Swedish epidemic of 1905-1906.'® The 
American investigators paid particular attention to 
the blood neutralizing reaction which had been de¬ 
scribed a short time before®® by the employment of 
which they endeavored to establish the poliomyelitio 
nature of certain indefinite cases of illness which ac¬ 
companied those of frank paralysis arising in the 
epidemic of poliomyelitis at Mason City, Iowa. In 
the course of their studies they made two observations, 
oinoe confirmed, which are of special significance: 
first, that the blood of adults who had shown no signs 
of illness may possess considerable antiviral proper¬ 
ties; and second, that the blood of young children, 
even when they have bad an attack of the disease, 
may not develop promptly neutralizing power against 
poliomyelitis, or may develop it in a lesser degree 
than adults. Similar observations were made by Pea¬ 
body, Draper and Dochoz,®' who studied the New 
York City epidemic of 1911. But it was Aycock 
and his associates®® who studied the phenomenon 
more widely and concluded that a process of unper- 

8. iPlexner, Science, Lxxiv, 251, 1031. 

18 j, Jp. Anderson and W. H. Frost, Jouf^ Am, Med, 
Awn., M, 663, 191]. 

i8'l. Wickman, Beitrage zur Kenntnis dor Heine' 
Medudachen Krankheit (Poliomyelitis acuta und ver- 
wondter Erkrankungen), Berlin, S. Karger, 1907. 

P, H. Romer and K. Joseph, etc., loc, oit, 

81 P. W. Peabody, 0. Draper stnd A. R. Dochez, Mono¬ 
graphs of The Rockefeller Institute No. 4, 1012. 

88W, L. Aycock and S. D. Kramer, Jour, Prevent, 
Med,, iv, 189, 1930. 


oeived—subclinieal—immunization of the adult popn- 
lation is taking place extendvely to-day, thus explain¬ 
ing the antiviral activities now so generally found in 
the blood of normal persons. Aycock relates this 
subtle process to the similar one long known to be 
occurring in widely prevalent infectious diseases such 
as diphtheria and scarlet fever. Normal adult blood 
not only tends to contain the neutralizing substances 
in appreciable amounts, but in rare instances in quan¬ 
tities surpassing those present in the blood of persons 
who have recovered from undoubted attacks of polio¬ 
myelitis.®® 

However, it was not until the epidemic of 1932 in 
Philadelphia and other places in Pennsylvania that 
the method of passive immunization by the use of 
normal adult blood received not only wide, but more 
measured application. The analysis of these tests is 
being awaited with great interest. Certain favorable 
results have already been reported. But the comple¬ 
tion of final results, and especially their interpreta¬ 
tion, will require time and critical judgment. It is 
obvious, of course, that comparison should be made, 
where practicable, between large groups of children, 
injected and uninjected, both groups being similarly 
circumstanced as to age, environment and exposure. 
But it is also desirable to take into account the fact 
that certain adults are known not to possess the anti¬ 
viral blood property; hence a standardized protective 
material can not be generally employed in the effort 
to produce passive immunization. 

Finally, it must be remembered that tests on 
monkeys have disclosed two modes of intra-vitam 
action of the convalescent senun. In one^ the vims 
is completely suppressed and no symptoms of infec¬ 
tion arise; in the other, the action of the virus is miti¬ 
gated, the incubation period before the appearance 
of symptoms being prolonged, and the symptoms 
themselves are milder. It is probable, therefore, that 
among the passively immunized children many will 
escape all signs of disease, and others—depending on 
all the circumstances stated—will fail to be protected, 
or will develop milder symptoms, taking into account 
the number receiving the adult blood in comparison 
with a corresponding number not so treated. We 
must await future events before attempting any gen¬ 
eral prediction on this important subject; but enough 
would appear to have been achieved already to war¬ 
rant a further and wider trial of this safe and readily 
available means of preventing epidemic paliomyelitis 
which continues to be a serious menace on a world¬ 
wide scale. 

One aspect of the subject of immunity in poHo- 

88 H, J. Shaughnessy, P. H. Harmon and F. H Gordon, 
Jour, Prevent, Med,, iv, 463, 1930: M. Brodie, J<mr^ JBS». 
Med,, Ivi, 607, 1982. 
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myelitis remains to be considered. We have long 
known that monkeys may be rendered actively im¬ 
mune by successive small injections, or one large in¬ 
jection, of poliomyelitis virus made beneath the akin^^ 
or by successive inoculations made into the skin.*’ 
Both these methods of securing immunity suffer from 
the disadvantage that occasionally monkeys develop 
paralysis instead of immunity. It appears that 
monkeys, in common with human beings, exhibit 
varying degrees of susceptibility to the presence of 
the virus in the body. An effort is being made to im¬ 
prove and perfect this means of active immunization 
in order to avoid the rare onset of disease. The com¬ 
bined use of immune serum and virus offers greater 
security. That active immunity can be obtained by 


the injection of mixtures of the serum and virus has 
been shown by Rhoads.*’ Rco^itly we have carried 
out experiments on a larger scale, in which virus and 
serum have been injected separately into the body of 
monkeys. These animals developed active immunity 
and, up to the present, without the appearance of 
symptoms of infection in any case. Moreover, evi¬ 
dence is accumulating that as the original, human 
vims is passed from monkey to monkey, it undergoes 
modification, and while retaining its immunizing 
properties, changes its infective power. Whether or 
not use may be made of this transformation in secur¬ 
ing active immunization of human beings when 
menaced by epidemic poliomyelitis, future study alone 
can determine.*^ 


OBITUARY 


RUFUS LOT GREEN 

Pbovessoe Rufus LiOt Gbkbn, professor emeritus of 
mathematics at Stanford University, died in Palo 
Alto, California, on November 19 at the age of 71. 
With the death of Professor Green, Stanford Univer¬ 
sity loses one of its most faithful servants, teachers, 
counselors and friends, and the community one of its 
most serviceable citizens. 

It does not fall to the lot of every man in academic 
work to stand out as a teacher par excellence, a coun¬ 
selor with wise judgment, a citizen with a high sense 
of public duty and a friend with understanding mind 
and heart. So did this man, best known, however, 
only to his colleagues, students and friends. The 
name of Professor Green does not stand out in the 
annals of science, nor will historians of science record 
any great achievements of his in mathematical re¬ 
search or published monographs—but in the hearts of 
his students are indelibly impressed the sterling and 
modest qualities of a quiet and unassuming teacher, 
endowed with high ideals of true scholarship. For 
a period of over 40 years, teaching mathematics was 
his one .great task. 

Professor Green was bom in Rush County, Indiana, 
on March 3, 1862, the son of Samuel and Elizabeth 
Anne (McKee) Green. He showed early aptitude for 
both mathematics and natural history. His first two 
yearly in college were spent at the University of In¬ 
diana from 1870 to 1881 under Daniel Kirkwood in 
mathematics and David Starr Jordan in natural his¬ 
tory. From 1881 to 1883 he attended Cornell Uni¬ 
versity, after which he returned to Indiana University, 

MS. Flexner and P. A. Lewis, Jour. Am. Med. Amu., 
Iv, 662, 1010; C. P. Rhoads, Jour. Ssep. Med., H, 1, 1930. 

W. L. Aycock and J. R. Kuan, Jour. Immunol, xiv, 
86, 1027; P. W. Stewart and 0. P. Rhoads, Jour. 

Med., xUx, 050, 1020, 


where he graduated in 1885 with a B.S. degree, and 
immediately became an instructor in mathematics at 
bis alma mater. During this time be prepared for 
his master’s degree, which he received in 1888. His 
long teaching career was interrupted only once when 
he spent one year as a graduate student and fellow 
by courtesy at Johns Hopkins University in 1887-88 
under Sylvester. Professor Green’s advancement was 
rapid; he filled successfully the position of associate 
professor (1886-90) and attained the position of full 
processor at the age of 28 (1890-93) during the 
period of David Starr Jordan’s presidency of Indiana 
University (1885-91). Two years after the new uni¬ 
versity Leland Stanford first opened its doors in 1891 
with Dr. Jordan as president, Professor Green re¬ 
ceived a call to become associate professor of mathe¬ 
matics, and in 1894 he was promoted to full professor* 
ship. He was just a year too late to be classified 
with the ^^Old Guards,” an affectionate term for the 
pioneer professors who came with Dr. Jordan. (It 
was three years later that the writer became a student 
of bis and formed a friendship which endured until 
Professor Green’s death.) He became executive head 
of the department of mathematics in 1925, from which 
position he retired in 1927. 

In the councils of affairs of the university he as¬ 
sumed more than his full responsibility on various 
committees. He wasibest known, however, as chair¬ 
man of the students’ affairs committee. His fairness 
and justice in administering student disciplinary 
oases won him great respect and esteem. The stu¬ 
dents recognized in Professor Green a man of high 
princdples and this made him a favorite among them. 

The work in his classroom was unusually interesting 

*®CJ. p, Rhoads, Jour. Exp. Med., liii, 116, 1931, 
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in that he presented the subject-matter with a feeling 
of freshness and clarity. For mathematics was to Pro¬ 
fessor Green a live and growing science; he constantly 
emphasized the theoretical and practical phases, show¬ 
ing their parallel with the philosophical aspect. One 
of his favorite and constant admonitions to students 
on giving an examination was that the purpose of a 
test was to see what we could do “under pressure.” 
He introduced a number of new courses to Stanford, 
one of which particularly interested him, namely, 
statistical mathematics. 

His broad and catholic interest in life and its 
problems manifested itself in bis interest in economic, 
social and political problems. So well was he posted 
on various issues that during political periods he was 
constantly sought by his colleagues and by organiza¬ 
tions for advice and elucidation of the problems. His 
was the habit of clear thinking. Although he was 
never robust in health, he loved outdoor life and dur¬ 
ing his early days at Stanford, like David Starr 
Jordan, be was a leader in mountain walking with 
his students. For many years during the summer 
period he directed a camp in the Yosemite Valley, 
later becoming director of the Yosemite Park and 
Curry Company. 

Professor Green was a fellow of the American 
Association for the Advancement of Science, member 
of the American Mathematical Society, Mathematical 
Association of America, American Economic League, 
Academy of Political and Social Science, American 
Political Science Association, California Academy of 
Science, American Museum of Natural History, and 
American Association of University Professors, 

Thus closed an active and full life, devoted to state, 
church and university. 

On August 11, 1886, he had married Miss Emma 
Edwards, of Knightstown, Indiana, who in addition 
to two daughters and one son survives him. 

Fredsrioe E. Brasch 

EVERHART PERCY HARDING 

Ok October 10, 1932, Professor Harding died at 
his home in Minneapolis after an illness of more than 
two years. Before his retirement, owing to ill health, 
in September, 1931, he was the only remaining mem¬ 
ber of the staff of chemistry of the University of 
Minnesota whose service antedated the foundation in 
1904 of the school of chemistry as an independent 
faculty. His connection with the university as a stu¬ 
dent and as a staff member extended over more than 
forty years. 

Professor Harding was bom on August 15, 1870, 
at Waseca, Minnesota, where he had his early educa¬ 
tion. He entered the University of Minnesota in 1890 


and maintained a high record of scholarship during 
his entire career, achieving election to Phi Beta Kappa 
and later to Sigma Xi. At the same time, he set an 
all-time record for athletic prowess, especially in foot¬ 
ball. Participation in intercollegiate athletics was at 
that time not limited to three years, so that his career 
as an athlete was continued through the entire period 
of his undergraduate and graduate years. He took 
the bachelor^s degree in 1894 and was awarded a 
scholarship, which enabled him to take the M.S. degp'ee 
in 1895. 

After serving as instructor in chemistry from 1896 
to 1899, he pursued further studies in chemistry under 
Professor Curtius at the University of Heidelberg, 
where he was granted the Ph.D. degree in 1901. From 
1905 until his retirement, he was successively assistant 
professor and associate professor of chemistry. He 
also took a prominent and responsible part in the 
management and supervision of intercollegiate ath¬ 
letics. 

During the decade prior to his death, Professor 
Harding was in charge of technological chemistry, a 
division of the school of chemistry which comprised 
instruction and research in chemical technology, par¬ 
ticularly of foods and fuels. It was in these fields 
that most of his researches were made, although some 
of his earlier work was devoted to pure organic chem¬ 
istry. Ilis interest in fuels led him to investigate 
extensively the presence and distribution of sulfur in 
oil shales for the determination of which he developed 
methods of unusual accuracy. 

Professor Harding was frequently called on for 
public service and acted as consultant for industries 
of the state, particularly in connection with city gas 
supplies. Early in his career, he rendered valuable 
aid in the introduction of the sugar beet industry into 
Minnesota. 

In all his relations, Professor Harding was charac¬ 
terized by his spirit of loyalty and by the strictest 
conscientiousness in the performance of all duties. 
He was equally devoted to his students and to research, 
which he carried on until his health failed. He was a 
member of Phi Beta Kappa, Sigma Xi, Phi Lambda 
Upsilon honor societies, of Alpha Chi Sigma and Phi 
Delta Theta fraternities and of numerous professional 
and scientific societies. 

He is survived by his widow and three children. 

S. C. Lind 

RECENT DEATHS 

Dr. Eliakim Hastikqb Moorb^ professor emeritus 
of mathematics at the University of Chicago, died on 
December 30. He was seventy years old. 

Dr. John J. Cabtt, vice-president and chief engi- 
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neer of the Axneziean Telephone and Telegraph Com> 
pany, retired, died on December 27 at the age of 
seventy-one years. 

Db. Edwin Chapin Starks, who recently retired as 
associate professor of zoology at Stanford University, 
died on December 30 at the age of sixty-five years. 

Dr. Theodor Holm, known for his work on Arctic 
botany and on plant anatomy, died in Washington, 
D. C., on December 26 at the age of seventy-eight 
years. 

Db. George Fettbrolp, professor of otolaryngology 
at the University of Pennsylvania, died on December 
29 at the age of sixty-three years. 

Leon R. Streeter, chief in research, in charge of 
the chemical work on fungicides and insecticides of 
the division of chemistry, New York State Agricul¬ 
tural Experiment Station, died on December 26, aged 
thirty-eight years. 

Dr. William A. LaField, professor of radiology 
at Yale University, committed suicide on December 
26. He was fifty-two years old. 

Dr. Ernest Howe, consulting mining geologist, an 
editor of the American Journal of Science, died on 
December 18. Dr. Howe was fifty-seven years old. 

Frank W. Skinner, consulting engineer of New 
York City, died on December 26 at the age of seventy- 
four years. 

Dr, Allan Douglas Risteuen, director of technical 
research and editor of safety publications for the 
Travelers Insurance Company of Hartford, Connecti¬ 
cut, died on December 30 at the age os sixty-six years. 

John H. Stevens, chemical export for the Cellu¬ 
loid Corporation of Newark, New Jersey, died on De¬ 
cember 4. He was seventy-nine years old. 

W. H. Fey, of the Division of Soils of the U. S. De¬ 
partment of Agriculture, died suddenly at the age of 
forty-four years on December 28. 

8im6n Willum Dtkshorn, assistant at the experi¬ 
mental laboratories of the Carnegie Institution of 


Washington at Cold Spring Harbor, while hunting for 
scientific purposes, shot himself fatally on December 
25, He was twenty-seven years old. 

Db. Georges Haret, head of the radiology depart¬ 
ment at Lariboisi^re Hospital, Paris, died on Decem¬ 
ber 20, as a result of x-ray bums incurred in the 
course of his work. He was fifty-eight years old. 

MEMORIALS 

The centenary of the birth of Julius von Sachs, the 
German botanist who founded plant physiology as a 
modem experimental science, was celebrated during 
the Atlantic City meeting of the American Associa¬ 
tion for the Advancement of Science. The memorial 
program on December 28 was led by Professor D. H. 
Campbell, of Stanford University, representing the 
Botanical Society of America; Professor Rodney H. 
Tme, of the University of Pennsylvania, representing 
the American Society of Plant Physiologists, and Pro¬ 
fessor C, E. Allen, of the University of Wisconsin, 
representing the botanical section of the American 
Association for the Advancement of Science. 

The Johns Hopkins University Institute of the His¬ 
tory of Medicine commemorated on December 20 the 
three hundredth anniversary of the birth Antony 
Van Leeuwenhoek, 1632-1723. Dr. William H. Welch, 
formerly director of the institute, gave an illustrated 
lecture on Van Leeuwenhoek and his work. A film, 
madk) especially in Holland to commemorate the ter¬ 
centenary, was shown. There was also an exhibit of 
illustrative books, documents and instruments. 

To commemorate the bicentenary of the birth of Sir 
Richard Arkwright, inventor of the yarn spinning 
frame, the Newcomen Society arranged a public lec¬ 
ture whioh was delivered on December 14 by Mr. 
Frank Nasmith. 

The University of Manchester has received from 
Mrs. R. W. Williamson a portrait in oils of her 
father-in-law, the late Professor W. C. Williamson, 
who was in charge of the teaching of zoology, botany 
and geology in Owens College from 1851 until 1892. 


SCIENTIFIC EVENTS 


THE YEAR AT THE FIELD MUSEUM OF 
NATURAL HISTORY 

Despite enforced economies, due to reduction of its 
income from endowment and other sources because of 
the depression, Stephen C. Simms, director of the 
Field Museum of Natural History, reports that the 
museum maintained full service to the public during 
1932, and its educational benefits were extended to a 
greater number of persons than in any previous year 
of its history. 


While extra-mural activities such as scientific expe¬ 
ditions were curtailed, the museum carried on a full 
program of installing new exhibits and making gen¬ 
eral improvements, presenting free courses of illus¬ 
trated lectures on science and travel for the general 
public, maintaining manifold educational activities for 
school children both at the museum and by extension 
woik in the schools of Chicago, and issuing scientific 
publications. 

A total of more than 1,800,000 persons have visited 
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the mneeum during the year. This is the largest at^ 
tendance of any year, and represents an increase of 
nearly 300,000 or about 20 per cent, over the 1931 
total of 1,515,540 visitors. The year 1932 was the 
sixth in which attendance has exceeded 1,000,000; and 
the total for the past five years has been more than 
6,840,000, or approximately 1,000,000 more than the 
6,839,579 visitors received in the entire twenty-five 
years during which the museum has occupied its first 
building in Jackson Park. 

The outstanding new exhibit completed during the 
year is a reproduction of an African water-hole, a 
group with twenty-three mounted mammals, including 
giraffes, rhinoceroses, elands, gazelles, zebras and an 
oryx. This is the largest exhibit in the museum, and 
is one of the largest animal groups in any museum, 
possibly exceeding all others in size. Other groups 
of animals with reproductions of their natural habitats 
which were completed during 1932 include Alaskan 
caribou, Asiatic water buffalo, and the mountain lion 
of states west of the Rockies. In addition to such 
groups, many other new zoological exhibits were in¬ 
stalled, while each of the other departments—anthro¬ 
pology, botany and geology—^made notable additions 
and improvements among their exhibits, especially in 
the divisions of Chinese archeology, paleontology or 
historical geology, and in the Hall of Plant Life. 

More than 265,000 persons attended the lecture 
courses and lecture tours provided by the museum 
for adults, and the series of motion picture programs, 
extension lectures, and other activities for school chil¬ 
dren given by the James Nelson and Anna Louise 
Raymond Foundation for Public School and Chil¬ 
dren’s Lectures (the foundation is a unit of the mu¬ 
seum organization with special endowment). Like¬ 
wise, the more than 1,300 traveling exhibits of the 
N. W. Harris Public School Extension Department^ 
another specially endowed unit, were circulated con¬ 
tinually throughout the school year among public and 
private schools of Chicago with a total enrolment of 
about 500,000 children. A large public was served 
also by the library of the museum and the study col¬ 
lections of specimens maintained in each department. 

ADVANCED STUDIES IN ENGINEERING AND 
BUSINESS FOR DISENGAGED ENGINEERS 

Leaders in industry, engineering and education are 
sponsoring “Advanced Studies in Engineering and 
Business for Disengaged Engineers” to be given dur¬ 
ing the winter and spring under the auspices of the 
Engineering Fotindation, according to an announce* 
ment made by H. Hobart Porter, chairman of the 
foundation. The courses will be conducted by unem¬ 
ployed or volunteer teachers under the supervision o£ 
members of the faculties of Columbia Vnirmitj, New 


York University, Stevens Institute of Technology and 
the Polytechnic Institute of Brooklyn. The business 
courses will be directed by members of the faculty 
of the School of Commerce of New York University. 

The curriculum embraces six oourses. Sessions are 
to be held in the forenoon beginning on January 9 
and will continue for twenty weeks to the end of 
May. The opportunity is open to unemployed engi¬ 
neers who have the requisite education for pursuing 
the work. 

These are free and deal with business finance, sales 
engineering, power plant engineering, structures and 
mechanical equipment of buildings, industrial appli¬ 
cations of electricity and industrial management. 
Rooms for class use will be made available in the 
Engineering Societies Building and the Engineering 
Societies Library will place text and reference books 
at the disposal of class members. Requests for ap¬ 
plication blanks should be addressed to P, H. Little¬ 
field, manager, in care of the Engineering Founda¬ 
tion, 29 West 39th Street, New York City. The move¬ 
ment is sponsored by the following: 

Robert P. Lamont, president, Amerioan Iron and Steel 
Institute; A. Q. Pratt, president, Babcock and Wilcox 
Company; Robert Ridgway, consulting engineer, Board 
of Transportation of New York City; Alfred P. Sloan, 
president, General Motors Corporation; Morse A. Cart¬ 
wright, director, Association for Adult Education; Dean 
J. W. Barker, Engineering School, Columbia University; 
Dean Collins P. Bliss, Engineering School, New York 
University; Dean John T. Madden, School of Commerce, 
New York University; Dr. Harvey N. Davis, president 
of ‘Stevens Institute of Technology, Hoboken, New 
Jersey; Dean E. J. Streubel, Polytechnic Institute of 
Brooklyn; H. A. Kidder, president, United Engineering 
Trustees, Inc,; H. Hobart Porter, chairman, Engineering 
Foundation; Admiral F. K Harris, general chairman, 
Professional Engineers’ Committee on Unemployment; 
George T. Seabury, secretary, Amerioan Society of Civil 
Engineers; A. B. Parsons, secretary, American Institute 
of Mining and Metallurgical Engineers; Calvin W. Rice, 
secretary, Amerioan Society of Mechanical Engineers, 
and H. H. Henline, acting national secretary, Amerioan 
Institute of Electrical Engineers. 

AWARD OF THE PERKIN MEDAL TO 
MR. OENSLAGER 

George Oekslagbr, of Akron, Ohio, whose re¬ 
searches are said to have revolutionized the rubber in¬ 
dustry, will be presented with the 1933 Perkin Medal 
of the Society of Chemical Industry at a national 
gaUieriAg of the chemical societite on the evening of 
January 6 at the Electrical Institute Au^torium, 
Grand Central Palaee> New York City. 

The award goes to Mr. Oenslager as “the Andean 
scientist who has most distinguished himself by hb 
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services in applied chemistry.’’ Other organisations 
participatiiig are the American Chemical Society^ the 
American Eleotroehemieal Society, the American In¬ 
stitute of Chemical Engineers and the American Sec¬ 
tion of the Socidtd de Chimie industrielle. 

Alfred P. Jones, of the Houston Properties Cor¬ 
poration, will detail the accomplishments of Mr. Oens- 
lager which led to the award. Professor Marston T. 
Bogert, of Columbia University, past president of the 
American Chemical Society and of the Society of 
Chemical Industry, will make the presentation. Mr. 
Oenslager will deliver an address describing the de¬ 
velopment of organic accelerators for rubber vulcani¬ 
zation. Dr. A. E. Marshall, of New York, chairman 
of the award committee, will preside. 

'^Five major achievements mark the change in rub¬ 
ber technology during the past thirty years,” accord¬ 
ing to the announcement of the award committee. 
“These are reclaimed rubber, the cord tire, the carbon 
black tread, the nitrogenous organic accelerator and 
antioxidants. Mr. Oenslager may be credited with 
two of these—^the carbon black tread and the nitrog¬ 
enous organic accelerator. As a direct result of his 
efforts the rubber industry has been revolutionized and 
from it have come economies of manufacture, increase 
in service and savings to consumers which run into the 
hundi’eds of millions of dollars annually.” 

Mr. Oenslager began his researches in 1906, setting 
out with the definite object of finding substances to 
be used in rubber mixtures which would decrease the 
rate of cure and increase the physical qualities of low 
grades of crude rubber. He found that the best or¬ 
ganic accelerators contained nitrogen and his discovery 
has been put to wide use. 

His experiments also laid the foundation for the 
most widely accepted theory of vulcanization—that 
zinc oxide is necessary to vulcanization with most of 
the nitrogen accelerators. He also viewed rubber as 
a ooUoid which needed uniformity of dispersion and 
toward this end he introduced what is known as the 
master batch. 

In 1911, Mr. Oenslager developed the carbon black 
tread for automobile tires which was adopted for large 
scale production the following year. 

^*Were we to remove these two main features from 
tires to-day,” the award committee points out, “the 
mileage figures would drop to one half the present 
valuw. If the modem tire can show savings to oon- 
Bumets over those of twenty-five years ago of $800,- 
(KIOJKH) a year, then appraise the accelerator and the 
carbon black at a $400,000,000 annual saving and it 
will not be far out of line.” 

Mr, O^slager was born in Harrisburg, Pennsyl- 
vania, in 1873. After attending schools in that city 
he prepared for college at Phillips Exeter Academy, 


entering Harvard University in 1890. While in eol- 
lege he became greatly interested in chemistry and 
after his graduation in 1894 he devoted two years of 
study to that science in the Harvard Graduate School. 

In 1896 he became associated with S. D, Warren 
and Company as a chemist and remained in that post 
for nine years. In 1906 he was appointed research 
chemist to the Diamond Rubber Company. This com¬ 
pany later was purchased by the B. F. Goodrich Com¬ 
pany, with which Mr. Oenslager is now associated. 

OFFICERS OF THE AMERICAN ASSOCIA¬ 
TION FOR THE ADVANCEMENT OF 
SCIENCE 

A FULL account of the Atlantic City meeting of the 
American Association for the Advancement of Soi- 
enoe, and the scientific societies associated with it, 
edited by the general secretary, Dr. Burton E. Liv¬ 
ingston, will be published in the issue of Science for 
February 3. Officers of the association were elected 
on December 30 as follows: 

PBESIOENT 

Henry Norris RusBell, Princeton University. 

PERMANENT SECRETART ^ 

Henry B. Ward, University of Illinois. 

GENERAL SECRETARY 

Burton E. Livingston, the Johns Hopkins University. 

TREASURER 

John L. Wirt, Carnegie Institution of Washington. 

MEMBERS OF THE COUNCIL 
George T. Hargitt, Duke University. 

Dugidd C. Jackson, Massachusetts Institute of TechnoL 

ogy. 

MEMBERS OF THE EXECUTIVE COMMITTEE 
or THE COUNCIL 

Edwin B. Wilson, Harvard School of Public Hoaltb. 

A. F. Woods, U. S. Department of Agriculture. 

Philip Fox, Adler Planetarium and Astronomical Mu¬ 
seum (to succeed Henry B. Ward) 

REPRESENTATIVE ON THE BOARD OP TRUSTEES 
or SCIENCE SERVICE 

Burton E. Livingston^ the Johns Hopkins University, 

VICE-PBESIDENTS AND CHAIRMEN OF SECTIONS 
K^^aihemaiios. C. N. Moore, University of Cincinnati. 
B—Physics. C. J, Davisson, Bell Telephone Laboratories. 
O—Cfcsfmstry. Arthur B. Lamb, Harvard University. 

D— Asirimomy. V, M. SUpher, Lowell Observatory. 

E—^eoloyy. Rollin T, Chamberlin, University of Chicago. 
F-^ooZoyicol dctsnocs. A. S. Pearse, Duke University. 
Q —Boimical Scisnoss. K. M. Wiegand, Cornell Univer¬ 
sity. 
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H— Anthropology, T. Wingate Todd, Western Kesorve 
University. 

I— Psychology, Walter B. Miles, Yale University. 

K —Social and Economw Sciences, Wesley C. Mitchell, 
Columbia University. 

L —Sistorical and Philological Sciences, Waldo G. Ice¬ 
land, American Council of Learned Societies. 

M—^^n^^tweerin^r. C. F. Kettering, General Motors Cor¬ 
poration, 

N —Medical Sciences, Charles B. Stockard, Cornell Uni¬ 
versity. 

O— Agriculture. A, R. Mann, Cornell University. 

0— Educaiion, Walter F. Dearborn, Harvard University. 

SECRETARIES OT SECTIONS 

A— Mathemaites. E. R. Hedrick, University of Califor¬ 
nia at Los Angeles. 

B— Physics. H. 4. Barton, American Institute of Phys¬ 
ics. 

C— Cheviisiry. J. H. Simons, Chicago, Ill. 


D— Astronomy, H. T. Stetson, Ohio Wesleyan Univer¬ 
sity. 

E— Geology, Kirtley P. Mather, Harvard University. 

F —Zoological Sciences, George B. La Bue, University 
of Michigan. 

G— Botaniedl Sciences, Sam F. Treleaso, Columbia Uni¬ 
versity, 

H— Anthropology, W. M. Krogman, Northwestern Uni¬ 
versity, 

I— Psychology. John E. Anderson, University of Min¬ 
nesota. 

K—iSoota? and Economic Sciences, James Ford, Har¬ 
vard University. 

L— Jlistortcal and PhilologicaX Sciences, Joseph Mayer, 
American Association of University Professors. 

M— Engineering, N. H. Heck, U. S. Coast and Geodetic 
Survey. 

N— Medical Sciences, W. M. Simpson, Miami Valley 
Hospital. 

O— Agnouliure. P. E. Brown, Iowa State College. 

Q— Education. William S. Gray, University of Chicago. 


SCIENTIFIC NOTES AND NEWS 


At the banquet of the Cambridge meeting of the 
Geological Society of America the fifth presentation 
of the Penrose Modal for distinguished achievement 
was made to Dr. Edward Oscar Ulrich, of Washing¬ 
ton, who recently retired after long service with the 
U. S. Geological Survey, The presentation was made 
by Dr. W. 0. Hotchkiss, president of the Michigan 
College of Mines. At the same time the society 
honored the sole survivor of the thirteen men who 
formed it in 1888, Dr. Herman LeRoy Fairchild, pro¬ 
fessor emeritus of geology at the University of Roch¬ 
ester, with the presentation of an inscribed copy of 
**The Geological Society of America,” a history which 
he helped to prepare. Dr. Fairchild is a former pres¬ 
ident of the society. 

At the close of the recent meeting at Washington 
of the National Council of Geography Teachers, the 
first award of the certificate of merit for service in 
teaching geography was presented to Dr. William 
Morris Davis, professor emeritus of geology at Har¬ 
vard University. 

Da. Henry Etring, research associate in chemistry 
at the Frick Chemical Laboratory of Princeton Uni¬ 
versity, received the ninth annual $1,000 award of the 
American Association for the Advancement of Science 
at the close of the Atlantic City meeting. The prize 
was given for Dr. Eyring'a paper entitled ‘‘Quantum 
Mechanics of Conjugate Double Bonds,” presented to 
the chemical section. 

The annual gold medal award for conspicuous 
achievement in the medical sciences, given by the Phi 
Lambda Kappa fraternity, was presented to Dr. Bdla 


Schick, of the Mount Sinai Hospital, New York City, 
discoverer of the Schick test for diphtheria, at the an¬ 
nual dinner on January 1. The annual gold medal 
award for the best thesis on a medical subject written 
by an undergraduate medical student was presented to 
Myron G. and Maurice M. Rosenbaum, of the Univer¬ 
sity of Buffalo School of Medicine. 

The Rudolf-Virchow Medal of the Berlin Anthro¬ 
pological Society has been awarded to Professor Karl 
Pearson, director of the Francis Galton Laboratory 
for National Eugenics, University of London. 

Nature reports that in commemoration of the seven¬ 
tieth birthday of Sir P. C. R&y, founder, foundation- 
president and patron of the Indian Chemical Society, 
a jubilee volume of some 350 pages is being published 
by the society, containing contributions from many 
eminent chemists in India and abroad. 

Db. Marohoux, professor at the Institut Pasteur, 
Paris, has been nominated a Grand Officer of the 
Legion of Honor. 

Dr. Charles Zblekt, professor of zoology at the 
University of Illinois, was elected president of the 
American Society of Zoologists at the Atlantic City 
meeting. 

At the Cambridge meeting of the Geological Society 
of America the following officers were elected: Dr. 
Charles Kenneth Leith, of the University of Wiscon¬ 
sin, president; Professor RoUin T. Chamberlin, Uni¬ 
versity of Chicago; Dr. E. M. Kindle, chief of the Di¬ 
vision of Paleontology of the Canadian Geological 
Survey; Professor E. S. Moore, of the University of 
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Toronto, and Herbert P. Whitlock, curator of min- 
eralo^ at the American Miisciun of Natural History 
of New York, vice-presidents. Dr. Charles P. 
Berkey, of Columbia University, continues as secre¬ 
tary for his eleventh term, and Professor Edward B. 
Mathews, of the Johns Hopkins University, continues 
as treasurer. 

The Paleontological Society of America elected E. 
M. Kindle, of Ottawa, president; E. B. Branson, Uni¬ 
versity of Missouri, first vice-president; J. B. Reeside, 
Washington, D. C., of the United States Geological 
Survey, second vice-president; M. A. Hanna, Houston, 
Texas, third vice-president; B. F. Howell, Princeton 
University, secretary; C. 0. Dunbar, of Yale Univer¬ 
sity, treasurer, and Walter Granger, of the American 
Museum of Natural History, New York City, editor 
of the Bulletin. 

Officers elected by the Mineralogioal Society of 
America were Herbert P. Whitlock, curator of min¬ 
eralogy for the Morgan-Tiffany collection at the 
American Museum of Natural History, New York 
City, president; Frank R. Van Horn, Case School of 
Applied Science, Cleveland, Ohio, secretary, and 
Waldemar T. Schaller, of the U. S. Geological Sur¬ 
vey, treasurer. 

As has already been announced, the annual meet¬ 
ing of the British Association will bo held next year 
in Leicester from September 6 to 13, under the presi¬ 
dency of Sir F. Gowland Hopkins, of the University 
of Cambridge, president of the Royal Society. Na¬ 
ture reports that the following sectional presidents 
have been appointed: Section A—Mathematical and 
Physical Sciences, Sir Gilbert Walker; B—Chem¬ 
istry, Professor R. Robinson; C—Geology, Professor 
W. G. Feamsidos; D—Zoology, Dr. J. Gray; E— 
Geography, the Right Hon. Lord Meston; F—^Eco¬ 
nomic Science and Statistics, Professor J. H. Jones; 
G—Engineering, R. W. Allen; H—Anthropology, the 
Right Hon. Lord Raglan; I—Physiology, Professor 
E. D. Adrian; J—Psychology, Professor F, Aveling; 
K—Botany, Professor F. E. Lloyd; L—Educational 
Science, J. L, Holland; M—Agriculture, Dr. A. 
Lauder. 

The Royal College of Physicians and Surgeons of 
Canada has conferred honorary fellowships on Lord 
Bewborough, and on Dr. John Stewart and Dr. I. H. 
Cameron, emeritus professors of surgery at Dalhousie 
and Toronto Universities, respectively. 

€ 

The title of emeritus professor has been conferred 
on Dr. William Savage Boulton, who recently retired 
from the chair of geology at the University of Bir¬ 
mingham. 


Professor W. M. Gardiner, principal of the Tech- 
niral College, Bradford, will relinquish the editorship 
of the Jotirnal of the Society of Dyers and Colorists 
at the end of the present year, after holding it for 
thirty-four years. Dr. F. M. Rowe, professor of 
color chemistry at the University of Leeds and foreign 
editor of the journal, has been appointed in his place 
as co-editor with Mr. Ellis Clayton, chief lecturer in 
dyeing and cellulose chemistry at the Technical Col¬ 
lege, Bradford. 

Dr. Douglas H. Sprunt, New York, was recently 
appointed assistant professor of pathology at Duke 
University School of Mwlicine, and Dr. Ernest M. 
Poate, Southern Pines, professor of psychiatry. 

Harold P. Fawcett, instructor in mathematics, 
Columbia University, has become assistant professor 
of mathematics in the Ohio State University. 

Dr. Ludwig Hektoen, professor of pathology at 
the University of Chicago and director of the John 
McCormick Institute for Infectious Diseases, has been 
elected chairman of the Board of Governors of the 
Chicago Institute of Medicine. 

Dr. Gilbert E. Doan, associate professor of metal¬ 
lurgy at Lehigh University, has been grantod for 1933 
a sum of money sufiQcient to employ a research fellow 
in continuation of studies of pure iron for are weld¬ 
ing. The study is foundational to the investigation 
of quality of steel for arc welding, and is sponsored 
by the Engineering Foundation. 

The Journal of the Washington Academy of Sci¬ 
ences reports that Frank T. Davies, formerly of the 
Byrd Antarctic Expedition, and now on furlough at 
the request of the Meteorological Service of Canada, 
from the Department of Terrestrial Magnetism of 
the Carnegie Institution of Washington, is in charge 
of the Polar Year station at Chesterfield Inlet. This 
station is the nearest point to the North Magnetic 
Pole at which continuous records will be taken during 
the Polar Year. W. J. Rooney, of the Department 
of Terrestrial Magnetism, who was temporarily as¬ 
signed to the U S. Coast and Geodetic Polar Year 
Station at College, Alaska, to assist in the installa¬ 
tion of the atmospheric-electric and earth-current 
equipment, has completed his work and returned to 
Washington. K. L. Sherman will be in charge of 
the work during the Polar Year. 

Professor H. Wetl, of the University of Gottingen, 
has accepted the invitation of Swarthmore College to 
give the William J. Cooper Foundation Lectures for 
1932-33. He will reside at Swarthmore from the 
middle of February until the middle of March, Dur- 
iag this period he will give five lectures on the gen- 
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oral fiubjeot of '*Mind axkl Nature^’ and will take part 
in the honors work of the college. 

Du. J. C. Duummond, professor of biochemistry, 
University College, London, will deliver tne next Lane 
Lectures early in April at the Stanford University 
School of Medicine in San Francisco. Professor 
Drummond expects to arrive in San Francisco about 
April 1, 1933. There wiU be five lectures, under the 
general title of “Recent Advances in the Biochemical 
Study of Nutritional Disorders.^' The lectures are to 
be published later. 

Dh. Henry A. Christian, Hcrsey professor of the 
theory and practice of physic at Harvard University 
Medical School, Boston, conducted the third graduate 
teaching clinic at the Central Maine General Hospital, 
Lewiston, from November 21 to 22. Dr. Christian 
gave an address on “Cardiac Disease and Its Treat¬ 
ment.” 

Db. Walter B, Cannon, George Higginson pro¬ 
fessor of physiology at the Harvard Medical School, 
will give the Beaumont Lectures of the Wayne County 
Medical Society, on January 30 and 31. The sub¬ 
ject tentatively selected is “The Relation of the Au¬ 
tonomic System to the Functions of the Alimentary 
Canal.” 

A BKBIK8 of scientific discussions wiU be offered by 
the Institute of Arts and Sciences of Columbia Uni¬ 
versity during the next three months. Michael Pupin 
will discuss the “Future of Science”; Dr. Arthur H. 
Compton, of the University of Chicago, will speak on 
“Cosmic Rays and their Significance”; Dr. John Bell¬ 
amy Taylor, of the General Electric research staff, will 
speak on “Audible Light”; Albert Edward Wiggam, 
author of “The New Decalogue of Science,” will lec¬ 
ture on “Biology in Human Affairs”; Professor Wal¬ 
ter Rautenstrauch, of Columbia University, will 
analyze technocracy, and Auguste Piccard, of Bel¬ 
gium, will toll of his explorations of the stratosphere. 

On behalf of the Geological Society of America, its 
president, Professor Reginald A. Daly, of Harvard 
University, has protested the proposed cuts in Con¬ 
gressional appropriations for the U. S. Geological 
Survey. In a statement to Science Service, Professor 
Daly said; “Directly and indirectly geological service 
is a principal aid to American business in locating 
underground raw materials. If the U. S. Geological 
Survey is now seriously crippled it will be costly if 
not impossible to restore personnel end skilled experi¬ 
ence. Applied geology and profitable mining depends 
on research of the survey type and to destroy any of 
the survey's efficiency would be bad economy from the 
viewpoint of the American consumer of goods that 
are made from metallic and non-metallic underground 
raw materials. The Geological Society of America 


would regard a serious out of the survey's budget a 
major disaster for the producers of wealth iu this 
country.” 

StTPPCMiT of President Hoover's executive order 
transferring river and harbor engineering work now 
directed by army engineers to a new Division of 
Public Works in the Interior Department is an¬ 
nounced by the American Engineering Council, repre¬ 
senting 60,000 engineers in this country. The re¬ 
organization will remedy the present War Depart¬ 
ment control that is “exceedingly undemocratic and 
unfair to the more than 200,000 professional engineers 
of the United States and particularly so to that faith¬ 
ful and efficient group of civilian engineers” working 
under the War Department. The council predicted 
material savings in cost, elimination of waste and 
increase of efficiency when the reorganization is 
effective. 

A BEQUEST of $150,000 for a professorship of geog¬ 
raphy at Princeton University and one of $600,000 to 
the Geographical Society of Philadelphia, are included 
in the will of Henry Grier Bryant, noted explorer, who 
died on December 7. The American Philosophical 
Society will receive $10,000 for its building fund, and 
$5,000 each is to go to the Museum of the University 
of Pennsylvania, the Pennsylvania Academy of the 
Pine Arts, the Children's Country Week Association 
and the Appalachian Mountain Club of Boston, the 
interest to be applied the maintenance of refuge 
huts or mountain trails operated by the club.” 

The twenty-third annual exhibition of scientific in¬ 
struments and apparatus, arranged by the Physical 
Society, London, was held from January 3 to 5 at 
the Imperial College of Science and Technology, 
South Kensington. If the program given In Nature 
was carried out the leading manufactUTers of scien¬ 
tific instruments exhibited their latest products in the 
Trade Section. The Research and Experimental Sec¬ 
tion contained contributions from most of the im¬ 
portant research laboratories in Great Britain, and 
there was a special sub-section devoted to experi¬ 
ments of educational interest. In addition, the work 
submitted for the craftsmanship competition by ap¬ 
prentices and learners was on view. DiBcoarses weire 
delivered each day at 8 F. m. as follows; January 3, 
Dr. Allan Ferguson: “Surface Tension and its Mea¬ 
surement”; January 4, Mr. B. A. Watson Watt: 
“Cathode Ray Oscillography”; January 5, Mr. F. 
Hope-Jones: “Time Measurement: Old and New.” 

The Morris Foundation that has recently affiliated 
the Morris Arboretum at Chestnut Hill, Philadelpbia, 
with the University of Pennsylvania, has also provided 
funds for a nxunber of graduate fellowi^ps for stu¬ 
dents in botany working for higher degrees* A sti- 
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pend of $1,250 aooompanies eaoh appointment. Since 
appointments may take effect with the middle of Feb¬ 
ruary, applications for consideration should be sent 


at an early date to the Director of the Morris Arbore¬ 
tum, at the Department of Botany, University of 
Pennsylvania. 


DISCUSSION 


THE USE OF VITAMIN D FROM COD-LIVER 
OIL IN MILK AND BREAD 

As was pointed out in an editorial which appeared 
in the Journal of the American Medical Association 
for November 26, 1932, it would be of advantage 
if antirachitic properties could be imparted in a suit¬ 
able degree to a few foods (such as milk and bread) 
that enjoy wide-spread use, particularly in the dietary 
of childhood, because, in spite of several years of 
vigorous antirachitic propaganda, rickets remains all 
too prevalent in many communities. 

Work with this specific objective in view has been 
carried on for some years at Columbia University. 
During the course of experiments conducted for the 
purpose of determining what substance in cod-liver 
oil conferred on this oil its well-known therapeutic 
value in the treatment of rickets, it was found that 
the antirachitic factor (to which McCollum gave the 
name of '^vitamin D”) could be concentrated in a 
fraction representing a very small part of the original 
oil. 

The process by which this concentration is effected 
is briefly as follows: The cod-liver oil is treated with 
95 per cent, ethyl alcohol, which dissolves out the 
antirachtio substance together with some other mate¬ 
rials, chiefly fatty acids. The fatty acids are saponi- 
fled, precipitated as calcium soaps, and treated with 
acetone which removes the active substance. The 
acetone solution is concentrated, and then treated with 
ether. After further purification of the ether solu¬ 
tion, the ether is distilled off, leaving a brownish, waxy 
residue (still a very complex mixture) which can be 
conveniently handled dissolved in oil. 

Rat assays showed this concentrate to be highly 
antirachitic, and later tests at the Children’s Clinic 
of Bellevue Hospital and other health centers showed 
that it possessed the same curative effects on rachitic 
infants known to be produced by cod-liver oil. 

In its original form, the concentrate had a restricted 
usefulness, since it contained much of the bad taste 
an4^ unpleasant odor of ood-Uver oil, but further re¬ 
finements have made possible the elimination of these 
disadvantages and have produced a product which 
can be added to milk without altering its flavor. 
While We are still dealing with an impure substance, 
ibe activity of the more recent eoncentrates is now 
apj^aching that of irradiated ergosterol. 

Dr. Barnes, of the Detroit Health Department, has 
oondueted a series of tests with milk so treated on 


rachitic infants and has found that a quart of milk 
having 150 units of “vitamin D” (equivalent to 3 tea¬ 
spoonfuls of cod-livoT oil), and also amounts corre¬ 
sponding to about 100 units, give excellent results in 
the treatment of rickets. 

It has also been found practical to add the concen¬ 
trate to bread, as the vitamin D is not destroyed at 
baking temperatures. An arbitrary standard of 90 
units to a 1-lb. loaf has been temporarily adopted. 

An economic advantage of this process lies in the 
fact that the de-vitaminized cod-liver oil is still suit¬ 
able for industrial purposes, and can be sold at full 
price so that the raw material cost of the concentrate 
is very low. 

It was originally taken for granted by those en¬ 
gaged in the development work on the cod-liver oil 
concentrate that the process would be made freely 
available to any one who wished to use it, but ob¬ 
jections to this plan began to multiply. In the first 
place, conferences with representatives of drug manu¬ 
facturers made it clear that no one would undertake 
the extensive work needed for perfecting production 
mttbods and marketing the product unless protected 
from competitors who could enter the field after the 
pioneering work was done and secure profits without 
material outlay. Secondly, it seemed desirable to con¬ 
trol the manufacture, application and promotion of 
the product, so that the public could be protected 
against improperly treated foods on one hand and 
false claims on the other. 

Finally, the president of Columbia University indi¬ 
cated that he bad had in mind for some time the cre¬ 
ation within the university of some means of meeting 
just such situations. At his behest, the Board of 
Trustees passed a resolution creating a Board of Uni¬ 
versity Patents, which now functions under the name 
of University Patents, Inc. This board consists of 
trustees and faculty members and is empowered to 
accept patent right^, and copyrights and administer 
them for the public good. The vitamin D concen¬ 
trate process was patented in several countries and 
the applications were assigned to University Patents, 
Inc. It was decided that royalties which might accrue 
were to ^ used for further research within the uni¬ 
versity. 

License contracts were then entered into between 
Univeirsity Patents, Inc., and National Oil Products 
Company, by which the latter obtained the right to 
manufacture and sell the concentrate in the United 
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Slaves, CanaJa and Newfoundiand, whiJe -the univer- 
aity undertook strict supervision of aJJ advertising, 
stipulated control of the quality of the reinforced 
foods by means of regular assays by independent 
laboratories, and also maintained certain regulations 
as to prices to be paid by the public m order to keep 
these as low as possible. The university's royalty was 
also kept at a low rate in order to keep the burden 
on the consumer at a minimum. 

Through this arrangement we have hopes of making 
a useful product available to the public in an effiefent 
manner, at the same time safeguarding the interests 
of the university. A number of problems have pre¬ 
sented themselves, some of which have been success¬ 
fully met, but new ones are still coming up and await 
solution. It should be possible to set certain useful 
precedents. 

Theodore F. Zucker 

College or Physicians and Sukgeons, 

CoLUMBU University 

TWO CRITICISMS 

I DESIRE to call attention to two practices which in 
recent years are occasionally noticed and which are 
objectionable. One is the use of the unit of wave¬ 
length, A, for the wave-length itself, h The other is 
the putting of zeros in the tons columns of catalogues. 

With the adoption of the Angstrom as the ofQlcial 
name of the unit of wave-length in the spectrum some 
writers began to use it in place of X,, the wave-length 
itself. This is neither logical nor advantageous. The 
use of X, before the number to designate wave-length 
had become an established practice, a necessity, and 
entirely satisfactory. It is by no means my feeling 
or wish to detract from the honor due the great 
Angstrom, merely to clarify the use of this honor, 
which it seems to me is fairly obvious as the inten¬ 
tions of the body bestowing it. 

Before the adoption of the Angstrom as the unit 
(as well as since) the wave-lengths were given in ten 
millionths of a millimeter. Sometimes this unit of 
length was given as |i, but usually it was assumed to 
be understood. Now the Angstrom, A, is merely the 
name of this unit of a ten millionth of a millimeter, 
but obviously not the wave-length itself, which is the 
whole number of these units which go to make up the 
wave-length X,. 

Those who use A usually omit X,, as, for example, 
4,340 A instead of X 4,340. While perhaps correct in 
a sense it is much as if we gave a certain number of 
inches and failed to say of what they were the 
measure. The users of A in the way criticized will 
probably counter that it is well known that these are 
wave-lengths, to which I would reply that for a much 
longer time it has been known what the unit was. 


It seems to me that here is where the fundamental 
conception is wrong—that the old designation X is 
correct and that the unit A applies only loithin the 
spectrum to specify the distances between lines or an 
arbitrary number of units. That when we wish to 
give the wave-length of Hy we should say X 4,340, but 
that if we wish to give the distance between the two 
calcium linos H and K wo should say 35 Angstroms 
instead of 35 ten millionths of a millimeter, or some¬ 
times merely “tenth mu" among spectroscopists, as 
formerly. 

The use of zeros in the tens columns in catalogues 
is not extensive and I have only noticed it in a few 
cases comparatively recently. The object presumably 
is to avoid such mistakes as occur occasionally by a 
number getting wrongly into the tens columns of such 
data as right ascensions and declinations or omissions 
thus causing confusion. Such mistakes happen but 
seldom; rarely indeed if the proofs have been read 
with sufficient care. In small lists of very miscel¬ 
laneous data such a practice may find some justifica¬ 
tion but not in extensive catalogues, where entire 
pages often have the same tens column. 

My objection to this practice is that not only is it 
in reality unnecessary, but chiefly that it is a bother 
to those consulting the catalogues—just that many 
more figures to take mental note of in getting out the 
data wanted. Unquestionably, the fewer the figures 
which the user of a catalogue has to even look at, 
the better. 

As to the number of mistakes which would be 
avoided by filling in the tens columns with zeros, it 
can safely be said that they would not offset the work 
caused in preparing MS, typesetting and proofread¬ 
ing as well as in the use of the catalogues. 

One hesitates to make any criticism whatever of 
some of the finest and most useful catalogues of data 
ever provided the investigator, but that feeling should 
not deter us from trying to better even them in small 
but essential practical matters. 

I might add the suggestion that it is becoming in¬ 
creasingly useful to have the epochs at which speetro- 
Boopic data were obtained given in the catalogues as 
far as possible. This is usually given in original 
sources, but whore possible it is useful to have such 
data in general catalogues also. 

C. D. Pbrrxkx 

Ck>BDOBA 

OOTOBER 12, 1932 

CONCENTRATION OF MICROFILARIAE BY 
THE SALIVARY SECRETIONS OF 
BLOODSUCKING INSECTS 

DtmiNG my stay in the Chiapas Mountains, south¬ 
east Mexico, in November, 1930, investigating on 
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behalf of the Mezioan Publio Health Department the 
biology and distribution of the simulid flies concerned 
in the transmission of the mierofilariae of Onchocerca 
caecutiens, I made the same observation as Strong in 
Guatemala on the concentration of microfilaria about 
the point of the bite and suggested also in my report, 
read before the III Congress of the Pan-American 
Medical Association, Mexico City, July, 1931, and 
published on September 10, 1931,^ the same method 
for diagnoses of Onohocera infestation in man, in 
dissecting engorged simulid files. It is very interest¬ 
ing to know that Professor Chaa. P. Craig® has made 
the same observation with respect to the transmission 
of Wuchereria bancrofti by Culex quinquefasciatus 
in the Philippines. It would be an easy task for 
medical officers stationed in tropical Africa, where 
microfilaria-infections are frequent, to add more ob¬ 
servations to the reported cases. 

Alk)N8 Dampf 

Laqobatorio Entomoloqioo, 

OriciNA Fedsbal paba la 
Defensa Aoeioola, 

San Jacinto D. F., 

Mexico 

BULBS FROM HOLLAND 

I expect that by now you have learned of the 
fictitious nature of the ^^Hollandia’s World-Famed 
Flower Bulbs” advertisement which appeared in 
Science in September, and m other American maga- 
sdnes. It was exposed in the Report of the Chicago 
Better Business Bureau for November 4. According 
to the report; 

A fraud order was issued by the Post Office Depart¬ 
ment against Bulb Nurseries ‘‘Hollandia" and Harry 
Bruhl, its director at Voorhout by Hillegom, Holland, 
for fraudulent practices in the sale of flower bulbs. A 


previous fraud order was issued on March 18 against 
L. H. Straathof and others of Hillegom, Holland, upon 
evidence showing that under those names a scheme to 
defraud was being conducted through United States 
mails. 

From an American bulb grower's view-point, this 
advertisement is of concern because it mentions the 
“certificate of health” supposed to accompany these 
bulbs. As a matter of fact, our great American bulb¬ 
growing industry has been made possible through the 
establishment of quarantine regulations necessitated 
by diseases harbored in foreign grown bulbs. The 
better Holland growers have tried to control these 
troubles but with varying success. Plant disease con¬ 
trol largely depends on efficient crop rotation. This 
important measure is exceedingly difficult in a locality 
whore usable land is limited and has given rise to cer¬ 
tain rather artificial methods of culture. For ex¬ 
ample, it is a Holland custom to attain partial crop 
rotation by deep spading and turning the soil upside 
down, thus creating a “new” field. From a phytopa¬ 
thological view-point such methods can not compete 
with those possible in American bulb areas where land 
for rotation is unlimited and climatological factors 
more favorable. 

Competent observers have pointed out that the 
success of the Holland bulb growers is not attributable 
to favorable climatic and edaphic factors but to the 
industry of the growers who have overcome unfavor¬ 
able circumstances by what may be considered arti¬ 
ficial methods. These methods have produced fine 
bulbs, but we feel that out of fairness to American 
growers it should be pointed out that the standard of 
American grown bulbs on a disease-free basis is equal 
to or higher than that which obtains abroad. 

Frank P. McWhorter 

Obeoon State College 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


THE "ROTETTE” OR AN APPARATUS FOR 
HANDLING SMALL QUANTITIES OF 
LIQUIDS WITH RAPIDITY 
AND PRECISION 

It was found in using the pipette previously de¬ 
scribed^ that even higher precision was attained by 
mounting the pipette in bearings at a convenient 
angle* In this arrangement it could be used directly 
ea before or it could be oonneoted to another tube, 
either fixed or movable, by means a rubber tubing. 
This greatly extended the usefulness of the device 
stuoe larger quantities of mercury could be safely. 

^Medioina, Mevista Mexioafia: Vol. xi, Tear XII, No. 
151, pp. 753-781 (see p. 767). 

a Science, 1952, May 27, 1932, pp, 661-2. 

^ B. L. Harringtoii, Soienos, p. 201, Aug. 22, 1930. 


bandied, though there was still a limitation due to the 
weight of the mercury and its tendency to surge when 
large quantities were employed. 

The employment of a helical glass tube in place of 
the two bulbs previously used greatly simplified the 
problem and extended the practical limits as to quan¬ 
tities for which it might be adaptable. With the 
helical tube it is no longer necessary to have a volume 
of mercury equal to the volume of liquid to be 
handled, since only enough mercury to fill the lower 
half of one turn of the coil is required. The con¬ 
trolling factors are diameter of tubing and of coils 
and the number of turns. A proper choice of these 
makes it possible to control the volume desired. With 
this form the volume displacement is proportional to 
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the angular rotation and it may be stopped in any 
position, since it is symmetrical about the axis of the 
helix. 

“Rotettes” of the new form were constructed for 
hand use, as shown in Fig. 1, and also for mounting 



on bearings, as shown in Fig. 2. The advantages of 
the jtna )] form have been discussed.* Among these 
may be mentioned the elimination of the rubber bulb, 
with all its objections, the necessity of '^sucking'' 
directly with the mouth and the difficulty of con¬ 
trolling the outflow of liquid by holding the finger 
over the upper end of the pipette. In addition may 
be mentioned the better manual control afforded. It 
will be observed that the bend leading from the coil 
to the lower tube is elevated so that the mercury can 
not run out, even when the pipette is held vertically. 
In using this form one has merely to hold the rotette 
at about the angle shown. A rotation in one sense 
about its axis elevates the liquid, while the reverse 
rotation ejects it. 

When more than a few cubic centimeters are in¬ 
volved, the form shown in Fig. 2 is generally to bo 
preferred. Rotettes with capacities up to 50 cc (but 
using only 6 or 6 cc of mercury) have been eoa- 

*IrOC. oit. 


struoted. In this form it has many uses, and a nnmlier 
of advantages over burettes, etc.—among which may 
be mentioned the following: 

(1) It makes for higher precision in operations of 
the titration type. It is easy to ‘'split" drops without 
the tedium involved in other methods. 

(2) It obviates the use of stop-cocks, pinoh-cooks 
and many other special devices now employed. This 
is a very important improvement, for leaky cooks, 
stuck or frosen cocks, contamination by cooks and 
stop-cook grease, difficulties in cleaning, limitations 
as to flow, the difficulty of getting “just a drop," are 
all eliminated. 

(3) It eliminates the funnel-bottle method of fill¬ 
ing, for the burette is filled directly from the supply 
container, quickly, and the remnant left after a deter¬ 
mination may be returned or ejected just as quickly. 

(4) It eliminates the “sucking** of fluids into 
pipettes, with its dangers to person, and the resulting 
contaminations by mouth fluids and breath-borne 
vapors. This makes it possible to put or to hold the 
rotette in the best position for visibility. The rotat¬ 
ing member can be placed in a convenient position, 
even though the receiving tube has to be introduced 
into awkward places. 

(5) It saves time, since burettes, etc., can be filled 
to the mark derired without the usual delay or 
“fiddling." In letting the liquid down, the rate of 
flow is subject to controlled variation between the full 
stream of the outlet and a slow dropping. This 
enables one to “go fast*’ until he nearly reaches the 
critical level. It is so easy to restore the liquid to 
the original level that one need not use long and 
awkward burettes to avoid having to refill frequently. 
After practice one learns how much of a tom is 
required in a certain test. Another great saving in 
time is gained in the cleansing of the burettes, since 
the absence of stop-cooks makes cleaning a simple 
matter. By the same operations cleaning solutions, 
distilled water, etc., can be introduced without even 
taking down the burette. When burettes are filled the 
old way, one has to wait until the liquids have drain^ 
down in order to avoid a zero wror—with the rotette 
the surface need not be raised above the zero. With 
the old mefthod it takes so much time to get the sur¬ 
face just to a mark that studmits are often tempted 
to call it “good enough" and to try to carry correc¬ 
tions in the mind. With the rotette a quick adjust¬ 
ment to a line is possible. 

(6) It lessens the dangeors contaminatiott. In 
addition to the points mentioned above it is obvious 
that stop-oook grease is soluble in many liquids one 
migbft want to handle^ and in any evmit one ean 
hardly know when a stop-cock has bm rea% dekneA, 
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With siop-oockfl, pmoh-oocka, rubber tubings, ete., 
eliminated) one has merely an open tube to olean. 
The burette is never open at the top to eatoh oon- 
taminating solids or fumeS) and no funnels are needed. 

(7) It can be used for liquids too viscous to flow 
readily through a stop'oook) e,g., agar agar—whioh 
must often be handled in measured quantities^ and 
handled at a temperature where stop-cook grease 
would become thin. With the rotette the lower outlet 
can be made a size suited to the liquid and to the 
speed employed. The rotette can be used equally well 
with liquids whioh attack either stop-cock grease or 
the ground surface of the glass itself, such as, 

KOH or NaOH which so often cause cooks to freeze. 

(8) A rotette can not wear out—and while in use 
it saves the price of a stop-cook on every burette with 
which it is employed. The burettes without stop-cocks 
are not only cheaper, but are less fragile—^for most 
of the breakages of burettes are due to stop-cock 
troubles rather than to accidents. One of these 
mounted over a stock bottle might facilitate obtaining 
the definite quantities that may be required in routine 
tests. 

(9) It can be used in places where stop-cocks would 
be inaccessible, as well as in hot, corrosive or poisonous 
liquids. 

It would appear that the rotette is especially well 
suited for all types of burette and pipette work, for 
rapidly measuring out fixed quantities of liquids for 
routine testa in chemical, biological and clinical labo¬ 
ratories. As the movement is wholly rotational it 
lends itself to mechanical operation as a rack and 
pinion arrangement provided with stops would adapt 
it to the commercial or laboratory filling of vials with 
definite quantities of liquid. Or, similarly, it could 
be arranged for foot control in which case both hands 
would be free for other operations, which would be a 
very great advantage in many situations. 

Suggestion: When connecting the rubber tubing to 
the burette the mercury should be in the middle coil, 
as thht minimises the twist that must be given the 
former in use. The tubing should be one of the 
smaller eommeroial sises, preferably heavy walled to 

prevent kinking. « ^ ^ 

E. L. Habbington 

UNiVmwm 01* SSflKATOHBWAN, 

CUlSTADA 

MIRROR DEMONSTRATION APPARATUS 

Ik many lecture rooms the top of the inatructor^s 
table is above the line of vision of persons seated in 
the audience. Demonitrationa whioh must remain flat 
upon the table are therefore often out of sight of, or 
at best imperfectly seen by, observers in the lecture 
room. The diffloiflty attendant upon demonstrating 



certain materials to large groups of students can be 
overcome by the device represented in Fig. 1. 

A wooden frame holds a mirror at an angle with 
the table top. The object to be demonstrated is 
placed inside the base of the frame under the mirror; 
the reflected image is then visible to students seated in 
all parts of the room. The angle of the mirror will 
be determined by the height of the table top above 
the horizontal line of vision of the audience. In our 
laboratory, a mirror (size 40 x 50 cm) held at a 40° 
angle gives good results with groups of seventy stu¬ 
dents. Spot lights may be directed upon the demon* 
stration area from the sides or from above without 
interfering with the visibility. 

!^he apparatus is particularly useful in demonstrat¬ 
ing artificial “amoeboid” action induced by the inter¬ 
action of various chemicals; in these experiments it is 
essential that the dishes remain stationary and in a 
horizontal position. The apparatus is also useful in 
showing the peculiar movement of waltzing mice; 
other uses will doubtless suggest themselves to the 
reader. 

The writer is indebted to the department of graphics 
in Dartmouth College for the perspective drawing in 
Fig. 1. 

W, Byhrs Unger 

Dabtuoutb College 

THE USE OF PHENOSAFRANIN FOR STAIN¬ 
ING FUNGI ON CULTURE MEDIA OR 
IN HOST TISSUE 

The work of Mangin (1890) first brought out the 
use of phenosafranin as a diflerential stain for pectose 
and lignin. This stain is frequently used in dilute 
aqueous solution as a desensitizer for panchromatic 
film. It gives a dark red color in the alkaline con¬ 
dition, which may be removed by means of alcohol or 
an acid alum solution. This stain has been found 
useful in myoological studies for both fresh and pre¬ 
served material and also in the examination of bac¬ 
terial colonies growing on an agar substratum. 
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In order to avoid plasmolysis and to restore turgor 
to the cells the stain was made up in solution after 
the formula of Satory, as given by Linder:' 


Carbolic acid crystals 

.. 20 

gmB. 

Lactic acid, syrup 

20 

t i 

Glycerine . . 

. . 40 

tt 

Distilled water . , 

20 

t i 

Phenosafranin . . - 

0.5 

or less 


Mordanting fixed sections for two hours with a 2 
per cent, iron alum solution intensifies the stain. 
Destaining may be accomplished by washing the 
material in a solution of 0.5 per cent, alum and 0.5 
per cent. HCl or by means of alcohol. After destain¬ 
ing it is often desirable to set or intensify the stain 
by applying a 1 per cent, ammonium hydroxide solu¬ 
tion. For use in the examination of mycelia in host 
tissue, the destaining of the parenchymatous tissue is 
more rapid than that of the parasite, so that by proper 
control of this process a differential stain may be 
attained. Sections of Johnson grass leaves infected 


with a rust stained for twenty minutes in pheno- 
safranin and then destained for ten minutes in add 
alum show a differential stain between host and para¬ 
site tissue. In the case of mycelia within woody tissue 
the contrast is not so pronounced, since the lignified 
walls retain the stain as well as the mycelia. 

This stain has proved particularly adaptable in the 
study of bacterial and fungal colonies growing on an 
agar substratum. If these colonies be treated with 
phoDOsafranin the medium does not absorb the stain 
as readily as the cells, so that the latter stand out 
intensely stained against a lighter background, no de¬ 
staining being necessary. 

Phenosafranin is superior to the cotton blue sug¬ 
gested by Linder, because the red is a more intense 
stain than the blue and also because of the much 
greater permanence of the phenosafranin color 

Elizabeth Jane Moore 

Department op Botany 
AND BaCTERIOIAXJY, 

Univehsity of Texas 


SPECIAL ARTICLES 


PROTEIN FRACTIONS OF THE H 37 
(HUMAN) STRAIN OF TUBERCLE 
BACILLUS' 

The method of protein fractionation* recently used 
in the case of the timothy grass bacillus® has now been 
applied to a human strain (H 37) of the tubercle 
bacillus. 

A frozen and dried harvest of the organism* 
(grown on Long’s medium) was extracted in the cold 
with acetone and ether, ground in a ball mill and 
again extracted, as described previously.® The cell 
residues were stirred for about 6 hours in the cold 
successively with buffer at pH 4.0 (fraction C), buffer 
at pH 6.5 (fraction C), water containing enough N 
NH,OH to keep the pH at 8.3-8.5 (E), water made 
alkaline to about pH 9 (F), and water made alkaline 
to about pH 11 (G). The residual material was 
stirred in turn with 0.1, 0.2 and 0.5 N NaOH at room 
temperature (K, K"). The properties of the frac- 

1 David H. Linder, *‘An Ideal Mounting Medium for 
Mycologists,'* Science, 70: 430, 1929. 

1 From the Department of Medicine, College of Phyo* 
icians and Surgeons, Columbia University and the Pres¬ 
byterian Hospital, New York CHty. 

Carried out under a grant from the National Tuber¬ 
culosis Association and with the aid of the Harkness 
Besearch Fund, Presbyterian Hospital, New York (Xty. 

aM. Heidelberger and F. E. Kendall, Jour. Exp. Med., 
64: 613, 1931. 

«M. Heidelberger and A. E. O. Menzel, Proo, 8oo. 
Exp. Biol, and Med., 29: 612, 1932, 

* Kindly supplied ^ by the H. K. Mulford Biological 
Laboratories of Sharp and Dohme, Glenolden, Pa. 


tions obtained by acidifying two lots of the extracts 
are given in the table. Each fraction was redissolved 
and reprecipitated twice. 


Precipitin reaction 
of 1: 2000 solution 
Basic with 

[ajo N P ash - 

Fraction degrees Per Per Per anti- anti- 

cent. cent. cent, human timothy 

strain bacillus 
serum^ serum^ 


701 


D 

+ 9 

15.7 

3.4 

0.7 

±(±)* 

-(+) 

E 

+11 

15,4 

2.0 

0.5 

±(±) 


F 

-26 

16.0 

1.8 

1.4 

±(±) 

±(+) 

G 

-31 




±(±) 

±i±) 

K 

-61 

10.2 

0.4 

0.4 

±(±) 

+(+±) 

K' 

-50 

14.9 

0.04 

0.8 

*(+) 

+(+) 

K" 

-18 

11.2 


1.9 

- H +(+ 4 - H -) 

+(+±) 

D 

+ 9 

15.6 

3.7 

0.6 

±(±) 

+(+±) 

E 

-19 

16.8 

2.1 

0,2 

±(: t ) 

+(++) 

G 

-28 

15.7 

2.1 

0.2 

±(±) 

+(- H ) 

K 

-56 

16.8 

0.6 

0.3 

±(+) 

+(+) 

K ' 

-61 

16.3 

0.06 

0.2 

±(+) 

+(+) 


-46 




+ H - K - H 4 +) 

+(++) 


[cIdi N, P calculated to ash-free basis. 

* Values in parentheses obtained after centrifugation. 

As in the case of the oorrespouding fractions of the 
hemolytic streptococcus,* levorotation inorsases imd 
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phosphorus decreases in general from the D to the 
K fraction. The percentage of nitrogen, however, re¬ 
mains nearly constant throughout the present series. 
The exceptional properties of the very small K" frac¬ 
tion appear due to contamination with specific poly¬ 
saccharides,° especially since the other fractions are 
practically inactive toward an immune serum known 
to be rich in polysaccharide antibodies. The products 
differ in this respect from Johnson^s “water soluble” 
and “alkali-soluble” tubercle bacillus proteins.® The 
relationship of the new fractions to the three proteins 
indicated by Leveno"^ will be investigated. 

The somewhat stronger precipitin reactions given 
by the fractious in an anti-timothy bacillus serum 
than in the homologous antiserum indicate that all 
contain group-specific protein. The only additional 
biological data available at the present preliminary 
stage of the study ore that a proportion of normal 
rabbits showing a negative skin test to fraction K 
respond with a “lighting up” of the original test area 
during a subsequent course of intravenous injections 
of K, and, as found by Sabin and Smithbum at the 
Eookefeller Institute for Medical Research, a distinct 
difference in the type of skin reaction produced by 
the D and K fractions in tuberculous guinea pigs. 

MiohajeO/ Heidelbebgek 
Arthuk E. 0. Menzel 

INDUCTION OF EXPERIMENTAL GRANULAR 
CONJUNCTIVITIS BY DIRECT INOCULA¬ 
TION OF TRACHOMATOUS TISSUE 

In a recent review on the causation of human 
trachoma Dr. Bengtson^ writes: “If it can be shown 
that the condition produced in Macacus rhestts 
monkeys by direct transfer from oases of human 
trachoma is as definite and as easily transmissible as 
that induced by inoculation with Bact, granulosis, 
then we would feel more certain of the relationship 
of Bact, gramUosis to the human disease.” 

The observations herein reported demonstrate that 
direct transfer from such human cases is definitely 
and easily made and no difference exists between 
the readiness with which the experimental granular 
conjunctivitis can be induced by means of human 
tissue and culture of Bact, granulosis. 

Through the kind cooperation of Dr. Martin Cohen, 
of New York, we obtained recently the tarsectomized 
conjunctival tissue removed for curative purposes 
from a ease of florid trachoma of three years’ dura¬ 
tion, aoeompanied by bilateral pannus. 


The specimen was employed in two ways; (a) For 
direct subconjunctival injection of one eye of monkeys 
having smooth lids, and (b) for bacteriological study. 
A culture of Bact, granulosis was isolated and it also 
was injected subconjunctivally in one lid of normal 
Macacus rhesus monkeys. Thus human trachomatous 
tissue, on the one hand, and a culture of Bact, gran- 
ulosist on the other, both having a common origin, 
were used to inoculate monkeys.® 

The first two animals injected with the culture 
showed within seven days characteristic granular con¬ 
junctivitis in the inoculated eye. Within another 
week, the uninoculated conjunctivae became similarly 
affected, and after throe weeks, the experimental dis¬ 
ease, previously described in detail,® was fully de¬ 
veloped. Conjunctival tissue was removed from one 
of the affected animals two weeks after inoculation, 
and employed for subconjunctival injection of two 
fresh monkeys; they in turn were apparently affected 
in the same way as the preceding animals. In this 
manner, monkey to monkey transmission was ob¬ 
tained through seven passages. At this point, when 
we were convinced that transfer could be carried 
on indefinitely, the experiment was terminated. 

The first two animals inoculated with the suspen¬ 
sion of human trachomatous tissue exhibited, within 
seven days, characteristic granular conjunctivitis, and 
again the tissue of one of them induced the experi¬ 
mental disease in two fresh animals. The affection 
was thus transmitted through seven consecutive series, 
at least, of paired animals. The period of incubation, 
the conveyance of infection from inoculated to unin¬ 
oculated eye, the appearance of the early and fully 
developed lesions of the disease and the histopatho- 
logical changes were identical with those shown by 
the animals of the culture series. 

The activity of the incitant in both series ap¬ 
parently became “fixed” in the consecutive transmis¬ 
sions, that is, the incubation period and the degree 
of reaction became constant. 

Since transfers were made early in the course of 
the affection, we were able to study the microscopic 
changes of beginning conjunctival lesions. These 
consisted of congestion of blood vessels and marked 
hypertrophy of their endothelium. The vessels were 
surrounded by a thick layer containing chiefly 
monocytes, some lymphocytes, and a few polymorpho¬ 
nuclear cells with acidophilic granules. In later stages, 
the perivascular agglomerations were coalesced to 
form the large foUiculomata characteristic of 
trachomatous lesions. 


« M, Heidelberger and A. E. O. Menzel, Froc, Soc, 2 All operative procedures wore carried on with the aid 
Bxp, Med, and Biol,, 29: 631, 1932. ’ of ether anesthesia. 

B. Johnson, Am, Bev, Tvheto,, 14: 169, 1926, i H, Noguchi, iTour. Exp, Med., 48, Suppl. 2, 53 pp. 

A, Levene, Medical Seoordt Dec. 17, 1898, 1928; P. K. Olitaky, R. B. Knutti and J. R. Tyler, Jour, 

11. A. Bengston, Public Health Rep., 47: 1914, 1932. Exp, Med,, 63, 753, 1931; 54, 81, 1981. 
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Finally, culturee of Bad, granulosis were iaolateid 
from monkeys of the first and second passages of the 
series of transmissions initiated by inoculation of 
trachomatous tissue, and from animals of the third 
and sixth passages of the Bad, granulosis series. 

In conclusion, we have found that the experimental 
disease induced by human trachomatous tissue is as 
definitely transmissible as that produced by cultures 
of Bad, granulosis, and that from different animals 
of both series the microorganism can be recovered. 
We also record the fixed character of the incitant 
in consecutive animal passages and the anatofiucal 
changes of early experimental lesions. 

Pjeter K. Olitskt 
Jerome T. Syverton 
Joseph R. Tyler 

The BocKErELLER Institute 
FOR Medical Research, 

New York 

ROD-SHAPED PARTICLES IN TOBACCO 
MOSAIC VIRUS DEMONSTRATED BY 
STREAM DOUBLE REFRACTION 

For some years pathologists have been attempting 
to obtain evidence regarding the nature of the filter¬ 
able viruses which cause numerous diseases of man, 
lower animals and plants. Although much informa¬ 
tion has been gained regarding the properties of 
viruses the available evidence is still insufficient to 
prove whether the virus particles are inanimate col¬ 
loids or organisms which are too small to bo seen 
through the microscope. 

We have recently attempted to obtain evidence re¬ 
garding the shape of virus particles by the use of 
polarized light. Methods somewhat similar to those 
described by Ambronn and Frey^ and Freundlich* for 
determining the shape of colloid particles have been 
used i* this work. According to these workers minute 
isotropic rods, disks or leaf-shaped particles contained 
in a flowing liquid tend to become oriented with their 
long axis parallel to the direction of flow. Under 
these conditions a liquid containing rods is doubly 
refractive when the direction of transmission of the 
incident light is perpendicular to the direction of flow; 
a liquid containing disks or leaf-shaped particles is 
doubly refractive when the incident light is perpen¬ 
dicular to the direction of flow and parallel to the 
faces of the particles. This so-called form double 
refraction only occurs when the dispersed phase has a 
refractive index which differs from that of the con¬ 
tinuous phase and when the shortest axis of the par¬ 
ticle is small in relation to the wave-length of the 

iH. Ambronn and A. Frey, ‘‘Baa Polarisatlonamlkro- 
skop. ’ ’ Leipzig. 1920. 

aH. Freundlich, Colloid and Capillary Chemistry,” 
B. P. Dutton and Co., New York, 


light used. liquids containing anisotropic rods, disks 
or leaf-shaped particles also show form doable refrac¬ 
tion under the above conditions, and in addition to 
this may show an intriusio double refraction due to 
the arrangement of atoms in the particles. This in¬ 
trinsic double refraction occurs when the anisotropic 
particles are so oriented that their long axis is parallel 
to the direction of flow, and the direction of transmis¬ 
sion of the incident light is not parallel to the optic 
axis of the particles. Since most of the studies which 
have been made on virus particles indicate that they 
are smaller than the wave-lengths of visible light it 
appears that if virus particles were to have the form 
of rods, disks or leaves, and the proper refractive 
index, and were in sufficient concentration, the flowing 
virus suspension should show double refraction. 

In order to test this idea the apparatus shown in 
Fig. 1 was set up. It consists of an ordinary micro¬ 
scope lamp L and a microscope stand S, from which 



fraction in virus-containing plant juices and other sols. 


the ocular, objectives and condenser have been re¬ 
moved. A polarizer P was placed in the diaphragm 
carrier and an analyzer A was attached to the micro¬ 
scope tube. A curved glass pipette D, having an 
inside diameter of 0.5 mm at the oxifioe, was prepared. 
This was cemented to the inedde of a cylindrioal glass 
chamber C, with its orifice so directed that pressure 
on the bulb caused a stream to flow across the middle 
of the chamber. A small round cover glass was 
cemented to the lower end of the glass tube T, and the 
upper end of the tube was pushed through a bole in 
a rubber stopper. The stopper was held in one of the 
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XM 2 ie pi^ The gW Inbe T, the 
peri|Aeviil portion of the Mver gl$u and the lateral 
sttrfa^ of the Teoael 0 ivere painted with bkok paint 
BO that^ eUtly Ught from the polarizer passed up through 
tube T. The polariser was turned on its veortioal asds 
until its vibration direction made an angle of 45° with 
the direction of flow of Qie liquid expelled from the 
pipette. The analyser was then turned until the deld 
was daric as a result of the nieol prisms being crossed. 

Leaves of tobacco plants afEected with typical 
mosaic {Johnson’s tobacoo virus 1) were frozen at 
O’’ F. for 15 hours. The leaves were then thawed at 
room tmperature for about 1 hour and the juice was 
pressed out of the leaves by means of a screw press. 
The jiace was oentrifuged and about 5 cc of the 
supernatant liquid were poured into the chamber C. 
A small volume of the liquid was then drawn up into 
the pipette by means of the rubber bulb B. Upon 
pressing the bulb while looking through the analyzer 
the Hquid flowing from the pipette was seen to be 
disthactly doubly refractive, and appeared as a bright 
streak across the dark field, as seen at A in Fig. 2. 



oontaiping rod-shaped particles produced a streafb 
which dKiwed uniform light intensity throughout the 
width of the stream as shown at A in Fig. 2. On the 
other hand, the ferric oxide sol containing disk- 
shaped particles produced a stream which showed 
double refraction only along its edges as shown at C 
in FSg. 2. This behavior is presumably due to the 
fact that it is only in the edges of the stream that a 
large proportion of the disk-ahaped paiticl^ are 
oriented with their faces parallel to the direction of 
transmission of the incident light. 

It has not been determined whether the double re¬ 
fraction observed in the infective juice is a form 
double refraction, an intrinsic double refraction or a 
combination of both types. In any cose the occurrence 
of stream double refraction in the juice of mosaic 
tobacco plants, its absence in the juice of healthy 
plants and its similarity to the stream double refrac¬ 
tion shown by sols oontaining rod-shaped particles, 
indicate that the virus of tobacoo mosaic or some 
substance regularly associated with it, is composed of 
rod-shaped particles. 

WiLUAM N. Takahashi 
T. £. Rawlins 
Division or Plant Patholooy, 

Uniybrsity or CALiroaNU, 

Bxskxlet 

PHOTOCHEMICAL NITRIFICATION IN 
* SEA WATER 


Fm. 2. Showing the appearance of the field when dif¬ 
ferent liquids were expelled from the pipette. 

As'Field produced by solutions known to contain rod- 
shaped particles and by virus-infected plant juice. 

B = Field produced by juice from healthy plants. 

0 = Field produced by ferric oxide eol oontaining disk¬ 
shaped porUcles. 

Juice from healthy leaves prepared in the same way 
showed no detectable double refraction, the field ap¬ 
pearing dark as shown at B in Fig. 2. This experi¬ 
ment xepented 6 times, with leaves from 6 dif- 
fer^it hWtliy and mosaic tobacco plants, once with 
juice frioia tlm soots of a healthy and mosaic tobacco 
plimt, Md/OnOe with juice fromihe leaves of a healthy 
and s|e«ai^ tomtp plant In each case double refrac¬ 
tion STfs only by juicis from the mosaic plants. 

bss reported that sols of vanadium 
aniline blue and bensopnrpurin have rod- 
while old ferric <^de sols have disk- 
Shl^gted In ord^r to gain evidence regarding 

% particles in the vir)tm-beBring juice 
for the double refraction, sols 
' ** HUtoadd^ aniline blne^ beusopurptmn 
a were testhd m our apparatus. It 
virjtmrbea^ juice^ the sob 



SiNcm nitrates frequently are considered to be a 
limiting factor in the productivity of the sea, phe¬ 
nomena which increase the available nitrogen for plant 
growth are of great importance. It has been tacitly 
assumed by many authors that the same biological 
agencies which are operative in the transfer of nitro¬ 
gen from one form to another in the soil similarly 
activate these processes in the sea. However, Lip- 
man,^ Atkins,* Brandt* and other investigators have 
reported their failure to demonstrate nitrifying bac¬ 
teria in the open seas, although nitriflerB are fre¬ 
quently found near the shore and in bottom muds. 
Similar observations in the Pacific Ocean off the 
coast of California in the vicinity of San Diego have 
been made repeatedly by the writer. Brandt has men¬ 
tioned the possibility of nitrites being formed frmn 
ammonimm near the surface, due to the presence of 
inorgaiue catalysts in the sea water. 

It has been impossible to demonstrate nitrifying 
bacteria by Ihe conventional soil methods when from 
0.1 to 100 eo of sea water was inoculated into Wino- 
"gradskyb solution and other similar nutrient oom- 

iSUtSNOS, 66: 60X, 1922. 

S Jeiw. Con»»a, 1; 197, 1026, 

8 Wi$«0Mch. Jis6re8Utit0rs%u)hMnfi0n, 20: 203, 1927. 





28 


SCIENCE 


V<K.. 77, No. 1084 


binations, although controls inoculated ^ith a little 
garden soil or even sea bottom muds have given posi¬ 
tive results. There was no perceptible nitrification in 
media consisting of raw sea water to which ammonium 
salts were added in different concentrations. Varying 
the temperature from 4° to 30° C. by six-degree inter¬ 
vals did not give any evidence of the presence of 
nitrifiors in the sea water. 

On the other hand, soil nitrificrs, nitrosomonas, 
failed to elaborate any nitrites when inoculated into 
sea water with the addition of magnesium carbonate 
in excess and ammonium sulfate, although they were 
still viable after eight weeks at 20° C. In a medium 
consisting of 60 per cent, sea water and 60 per cent. 
Winogradsky's solution inoculated with nitrosomonas, 
nitrification occurred, but not as readily as in straight 
Winogradsky's solution. With 76 per cent, sea water 
the amount of the reaction was negligible and 90 per 
cent, sea water stopped it. The addition of 5 to 10 
per cent, sea water to Winogradsky's solution acceler¬ 
ated the oxidation of ammonium to nitrites by the 
biological agents mentioned above. Such evidence 
seems to warrant the conclusion that if bacterial nitri- 
fiers are in the open seas, they are different from the 
soil forms, but it does not preclude the possibility of 
there being bacterial nitrifiers in the sea which require 
special methods of cultivation. Investigations are now 
in progress which may help to elucidate this point. 

In continuing the inquiry into the mode of origin of 
nitrates, it was found, contrary to expectation, that 
sunlight favored nitrification in sea water under cer¬ 
tain conditions. When pyrex flasks partly filled with 
raw sea water plus 0,006 per cent, ammonium sulfate 
were exposed to light on the top of a building for two 
weeks there was a measurable increase in nitrites as 
well as nitrates and a corresponding decrease in the 
ammonium content. The controls in the dark were 
unchanged. Examinations revealed that there were 
fewer viable bacteria in the flasks which had been 
exposed to sunlight than in the dark controls. The 
removal of bacteria by filtering the water through a 
Berkefeld N candle into sterile flasks did not influence 
the oxidation of ammonium to nitrites when thus irra¬ 
diated, The reaction was accelerated by the addition 
of manganese dioxide. No perceptible oxidation of 
ammonium occurred in distilled water nor in artificial 
sea water under comparable conditions. Autoclave 
stetrilization (120° C. for 30 minutes) of sea water 
destroyed its photochemical nitrifying properties. 
This is attributed to the thermal destruction of cer¬ 
tain oxidizing substances or even organic catalysts. 

Many of the above experiments were-repeated, using 
ultra-violet light having a maximum intensity in the 
2950A region. Such irradiation of sea water mix¬ 


tures produced results not unlike those observed under 
the influence of sunlight, except for the speed of the 
reaction. Exposure to the mercury arc at thirty 
inches for two hours caused the oxidation of as much 
ammonium os the daylight did in two wedcs. Again 
it was found that more ammonium was oxidized to 
nitrites by irradiation of sea water than distilled 
water. Ultrafiltration of sea water did not alter it in 
this respect, but autoclaving it retarded the reaction. 
Increasing the intensity of the irradiation ten times 
by bringing the source to within about Oi indi^ from 
the test solutions actually caused the destruction of 
more ammonium than could be accounted for as 
nitrites or nitrates. 

In view of these observations it appears that at 
least part of the nitrification which occurs in the sea 
is photochemically aotivaited. Zolcinski^ has repeat¬ 
edly found that chemical nitrification in the soil is 
activated by sunlight in the exclusion of biological 
agencies. It is well known that under certain condi¬ 
tions ultra-violet light causes the oxidation of am¬ 
monium to nitrites. Due to the slight penetrability 
of water by these rays, they could play an important 
role only at or a ‘few millimeters from the surface. 
Inasmuch as no light filters were used in these pre¬ 
liminary tests, many rays other than the ultra-violet 
may have been the effective ones. The mercury arc 
did supply visible light of great intensity. As pre¬ 
viously stated, the solar rays responsible for the reac¬ 
tion will pass through pyrex glass. The point to be 
emphasized at this time is not which rays are active, 
but rather that the irradiation of sea water causes the 
oxidation of ammonium to nitrites and that sunlight 
supplies the necessary rays. In a later communication 
a report of the foregoing experiments will be amplified 
and additional observations given. 

C. E. ZoBkll 

ScEiPPs Institution op OcaaNOGOAPHT 
UNrVBESiTT OP CXLIPORNIA 
La Jolla, CALiPoamA 
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THE NEW ANTHROPOGENY: TWENTY-FIVE 
STAGES OF VERTEBRATE EVOLUTION, 
FROM SILURIAN CHORDATE TO MAN^ 

By Professor WILLIAM K, GREGORY 

COLUMBIA UNIVERSITY ANP AMERICAN MUSEUM OF NATURAL BiBTOBT 


Tb^ sabject of anthropogeny, as it was developed 
at the handa of Haeckel, involved an attempt to 
read the earlier stages of prehuman evolution largely 
from the data supplied by "human and comparative 
embryblogy, Xilius its miun postulate was thfi Jo- 
oalled Recapitulation.” But tj^e attacks of 

modem soologiats on this ‘Taw” seem to have led, in 
thjtt ^country at least, to a loss of confidence in 
Haeckel’s tdiief conclusions. In certain quarters there 
has sprung up a regular epidemic, which may be 
named Saeekelophobia. 

Meanwhile the new anthropogeny has been gradually 

^ Address of the vice-president and retiring chairman 
of Beetioa H-*-Anthropology, American Ass^ation for 
the AdVaneammit of Science, Atlantic City, December 29, 


taking shape. But before speaking of its origins and 
tentative results to date, it might be well to noite that 
a humble exponent of the new doctrine is liable to 
experience a slightly guilty feeling if he finds himself 
^cdjliged to speak in any official gathering of his sci¬ 
entific 'brethren. F^r example, the brethren of the 
orthodox anthropologist sect are always piously busy, 
wielding their magic measuring wands and ringing the 
bells on their magic calculators, or thinking machines, 
while the poor anthropogeniat stands idly by and must 
confess that he is not primarily bent on measuring or 
counting anything, but only in piecing together the 
broken story of the “big parade” that nature has 
staged across the ages. 

Another contrast between the anthropogenist and 
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the ortliodox aaiUiropologist is that the reg:ala]n stand 
happily among the topmost branches of the family 
tree of man and count all its twigs, while the anthro- 
pogenist, like a silly ant, runs up and down the main 
branches and trunk and gropes blindly around the 
roots. 

Moreover, up to the present time the new anthro- 
pogeny is operating to a considerable extent on a 
borrowed, or perhaps appropriated, capital of facts. 
And up to date it has found no way to repay the 
lenders. 

For example, from historical geology the new an- 
thropogeny appropriates the standard divisions of 
geologic time in which the drama of evolution has 
been played. But until relatively recent times geol¬ 
ogy could determine only the sequence of terrestrial 
events, without measuring their duration in years. 

To physios, mineralogy and stratigraphy, the new 
anthropogeny now owes the ^^radium clock” of geo¬ 
logic time. If the readings of this clock give even a 
preliminary approach to the truth, as they seem in¬ 
deed to do, then the events which the new anthro¬ 
pogeny attempts to discover and describe took place 
during a period of the general order of magnitude 
of dve hundred million years. 

From eoology and comparative anatomy the new 
anthropogeny has received the precious doctrine of 
the des tltrea/* or scale of beings, which was 

elaborated by the French naturalists of the eighteenth 
century, but which has since been almost abandoned 
and forgotten. Instead of throwing this doctrine on 
the junk-heap along with Euclidean geometry, the 
new anthrox>ogeny finds that after being slightly re¬ 
vamped and fitted with a few new parts, the old ap¬ 
paratus still functions well; for it has led to a fuller 
recognition of the significance and importance of 
^^ving fosaik,” which have preserved in greater or 
less degree the suceessive grades of organization that 
were characteristic of many past ages. The study of 
the scale of beings has led also to the realization that 
if there were no ‘^living fossils,” that is, if every 
phyletic line had evolved at the same equal and con¬ 
stant rate^ all the descendants of a common ancestral 
stock would now be indistinguishable throughout their 
anatomy. In other words, the very existence of Com¬ 
parative anatomy depends upon the fact that there is 
a more or less closely graded scale of beings, or rather, 
many scales of beings, leading not only toward man 
but toward every other highly specialized animal. 

To paleontology, however, we owe the discovery of 
actual fossil skeletons that correspond more or less 
closely to the grades of organization inferred from the 
study of the scale of beings. Thus there is no longer 
any need of inventing hypothetical stages, as Haeckel 
did from doubtfully valid extensions of embiyological 


proteases, .when the pideontcJogteal e^dsnee 
expectedly adequate if viewed in the Mglit of erideuce 
from several different fields. 

If the obligations of the new an^nopogeny to all the 
previously named sciences are great, still greater is its 
dependence upon the science of vert^rate taxonomy; 
this branch of science endeavors to identify and follow 
the large and small branches of the .vast tree of the 
v^tebrates. We may be inclined to smile at first at 
the simplicity of Haeckel’s pieture of tiiie tree of life, 
which might now be condemned as ‘^monophyletio” 
and rejected in favor of a “polyphyletie” diagram 
with innumerable lines all running back to infinity. 
However, the cumulative experience of modem paleon¬ 
tologists and zoologists leads to the concept that while 
the tree of vertebrate life has a fairly large number 
of minor twigs which run bade for long distances in 
geologic time, the number of major branches is quite 
limited and can be fairly well grasped daring the life¬ 
time of an ordinarily industrious student of fossil 
and recent vertebrates. But the supreme mistake 
would be to suppose that the branehes have grown at 
equal rates, that is, that the ^'chronometer of evolu¬ 
tion” runs at the same rate in all lines; it would be 
another mistake to infer that the branches never did 
run together because we have not yet located all the 
junctions. For the progress of vertebrate paleon* 
tology constantly leads to the discovery of new 
forma, yet in most cases the new forms represent 
branches that lie in between two or more branehes 
already recorded. 

Perhaps the most essential of all services rendered 
to the new anthropogeny by the soienee of phylo^ 
genetic taxonomy is the identifioatioB of brandies that 
can be definitely excluded from what we ehooia to 
call the main line of ascent to n^. AnoUier service 
is the determination of the prebaUe distaaoe of a 
given branch from that main line. 

Anthropt^^y likewise borrows from ehemia^, 
physics and physiology the very basic prineiple that 
man, like other organisms, is a sort of soUr engins 
that runs by means of the energy stored up in plant 
imd animal food. It follows that tins poteotisl 
energy forms a hidden prize of great worth, to obtain 
which all animal life struggles unoeaaingljr. Heiioe 
the drama of^terrestrial evolution is motiyaitod }fj I3ie 
complexly rallying competition and sti:^ for 
and for reproductive matee; p^d^ 

as Btrofigly in the latest sta^ of life ns It iiA H ^ 
earliest ' ^ 

We may start then wit^ one, of the mod; 
grounded landmarta in the new ' 

that man beiongs on.the of , 

tha^ ,, While his pmenl !l 

bip^ lus genezsl ^ n 
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vertebrate of the class of mammals and of the order 
of Primates. These general facts were well known to 
Hualey/ Haeckel, Darwin, Lamarck, and even to a 
huge extent to Linnaeus, but they are always being 
buried and forgotten under the details about which 
sdentifio men love to dispute. What was not known 
to the older naturalists, however, is the modem wealth 
of material that supplies us with a paleontological 
series representing the main successive structural 
stages in the long ascent from the jawless chordatcs 
of the Silurian age up to man. 

At present we may distinguish about twenty>hvo 
structural stages from and including the oldest known 
pre-hshes up to modern man. It is not claimed that 
these stages lie exactly in the direct line of ascent 
but only that they are more or less near to it after 
the elimination of more specialised side branches. 

Let us attempt to r\m over these stages very briefly 
with the lantern slides. 

We may consider for a moment the general history 
of the locomotor apparatus, especially the skeleton. 
We start with the fact that the larger units of the 
vertebrate locomotor system are the W-shaped muscle 
flakes, or myomeres, on the side of the flsh; the smaller 
units are the striped muscle fibers with their far 
smaller flbrillae, which run into the billions in a human 
body. The beginnings of all the complex motions of 
the human body are to be sought in the rhythmic con- 
traction and relaxation of the W*shaped muscle flakes 
of the fish, and there are already on record many 
structurally intermediate stages between the simple 
muscles of the fish and the complex muscles of man. 
And it is sufficient to mention in passing that the 
human embryo agrees with that of the fish in that 
not only its axial muscles but also the segments of 
the backbone arise from segmentally arranged buds 
of mesoderm on either side of the embryonic 
notochord. 

Stage 1, Pre-fiehea (Oatracoderfna) of Paleoaoic 
times (Ordovician to Devonian), 

For purpose of this address we must leave out 
of account the disputed problem of the origin of the 
vertebrates and begin with % grade of organization 
that was already for nearer to that of man than to 
the one-celled starting-point. Thanks to the Danish 
scientific expeditions to Greenland, Norway and Spitz- 
betgen, we now possess a surprisingly detailed fund 
of Izil^ormation regarding the general characters of 
the brain and cranial nerves and blood-vessels of these 
oldest known Ghordates; these have recently been de¬ 
scribed in the beautiful monographs by Stensio and 
Eiaer. Thus we now have a firm foundation of facts 
to replace oOnjeoture. These pre-fishes, or ostra- 
eodems, were bilaterally symmetrioal, with a median 


axis, or notochord, moving by lateral undulations of 
the body, by contractions of W-shaped muscle seg¬ 
ments. The head was of the complex vertebrate type, 
inoluding a braincase that contained three pairs of 
main sense organs, corresponding to the olfactory, 
optic and otic capsules of higher vertebrates and ar¬ 
ranged in a fore-and-aft series. 

A continuous endoskeletal tissue, containing bone- 
cells in one order of ostracoderms, enclosed the three 
main pairs of sense organs and formed a trough for 
the brain and tunnels for the cranial nerves and blood¬ 
vessels. When these tunnels and this braincase be¬ 
came filled with mud, which subsequently became 
mineralized, there was left a record of the general 
anatomy of the nervous system which has endured for 
perhaps four hundred millions of years, down to our 
own time. 

Beneath the braincase was a greatly expanded 
chamber containing the mouth cavity, the gill-pouches, 
the skeletal partitions between the gill-pouches and the 
ducts leading to and from the gill-openings and the 
exterior. This arrangement is closely paralleled in 
the larval stage of the existing lampreys. The same is 
true of the brain and cranial nerves. The neurologists 
and students of the classical problem of the vertebrate 
head-segments had long ago fixed upon ^he larval 
stage of the lamprey as standing nearest among exist¬ 
ing forms to the archetypal vertebrates. Thanks to 
the labors of many investigators, we can now affirm 
that the ostracoderms as a class were the archetypal 
vertebrates from which were derived, on the one hand, 
the 80 -ealled jawless oyclostomes, or lampreys and 
hags, and on the other hand, the gnathostomes, or 
jaw-bearing vertebrates, comprising true fishes, am¬ 
phibians, reptiles, birds and mammals (including 
man). 

Stage 2, ^^Antiarcha*^ of Devonian age. 

These strange-looking forms had the head and body 
enclosed in an armor of bony plates and propelled 
themselves by a pair of jointed appendages that re¬ 
mind us of the walking legs of crabs. They were 
probably quite far off the direct line leading to higher 
vertebrates, but the beautiful fossils from Scaumenac 
Bay, Quebec, described by the late Professor Patten 
and now by Stensio, leave little doubt that these 
antiarohs had recently crossed the line separating the 
so-called jawless from the true jaw-bearing fonns. 
For they had obviously acquired external jaw plates, 
homologous with those plates in the true fishes which 
were destiped to give rise ultimately to our own upper 
and lower jaws; while, according to Stensio, their 
external jaw plates eould only have been supported 
internally by cartilaginous bars homologous with the 
true or inner jaws of adult sharks and of embryonic 
higher vertebrates. 
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Stage 5. of Devonian age. 

The earlier aeanthodians may well be called *^pre- 
sharks’’ because, although shark-like in general charac¬ 
ters, they represent an older and more primitive type 
nearer to the line of ascent to higher vertebrates. 

Externally the aeanthodians give us a glimpse of an 
early stage in the evolution of paired limbs. They 
support the conclusions of Balfour, Dean and others 
that the paired dns are essentially the same as the 
median dns and that both arose as folds of skin and 
projections of the muscular body-wall that served 
originally as stabilizers and keels. Such fin-folds in 
the early stages had wide bases and limited mobility. 

The pre-sharks had attained an early stage in the 
evolution of the gnathostomes, or jaw-bearing verte¬ 
brates, since they had inner or true jaws, in series 
with the gill-arches. In another early shai'k, Cladoael- 
ache, we see in this view of the under side of the 
head how closely the upper and lower jaw bars are 
in series with the gill-arches, from one pair of which 
the jaws were doubtless derived. 

Stage 4. ^^Basal ganoid fiah** {Palaeoniacoid) ^ Old 
Red Sandstone (Devonian). 

These earliest known forerunners of the modem 
bony fishes used to be called ^^osseous sharks” by the 
late Professor Bashford Dean, because they combine a 
generally shark-like body-form with the bony armor 
over the head and shoulder-girdle of the earlier typical 
fishes. This bony armor is composed of plates, each 
one of which has a definite name. Many of these 
plates, such as the frontals, the parietals and the sur¬ 
face bones of the upper and lower jaws, can be traced 
forward, as we shall presently see, from these very 
early fishes up through the amphibians, the earlier 
reptiles, the mammal-like reptiles, to the earlier mam¬ 
mals and thence through the lower primates to man. 
Other elenfents of the fish skull, such as the bones of 
the opercular series that covered the gill-ohamber, dis¬ 
appeared when fish turned into amphibians. 

Those earlier true fishes also exhibit the fins in suc¬ 
cessive stages of development. The anal fin is still 
just like the dorsal fin, with an extended base sup¬ 
ported by a regular series of little bony rods. The 
pelvic fins show an early stage in the crowding of the 
basal pieces, especially at the front end. The pectoral 
fin has already attained the stage of a broad paddle 
with a crowded base. 

This sequence is still clearly seen in the fins of the 
spoon-bill sturgeons, or paddle-fishes, which are the 
otherwise specialized descendants of the earlier 
ganoids. Here we see three stages in the evolution of 
the mobile pectoral paddles, as figured by Dr. Tate 
Regan, of the Britiah Museum of Natural History. 


Stage 5, fishes, of Upper Devonian 

and Lower Carboniferous ages. 

The tendency toward the evolution of freely turning 
paddles, presumably out of fin-folds, reaches a climax 
among the lobe-finned fishes of late Paleozoic times. 
In the tassel-finned branch of these fonns the paddles 
grow at the distal end and give rise to a string of 
joints with slender rods on each side. But in the 
^^fan-finned” branch the paddles spread out like the 
sticks of a fan, and the bony rods that support them 
seem destined to give rise to the skeleton of the arm 
and hand of higher vertebrates. This fan-shaped 
stage is well illustrated in an Upper Devonian form 
to which the geologist James Hall in 1843 gave 
the appropriate name Sauripterus —“lizard-fin.” We 
shall see a little later how such a paddle might give 
rise to the cheiropterygium, or five-rayed hand, of a 
higher vertebrate. 

Before going on to the next higher stage we must 
pause for a moment in order to rule out the dipnoaus, 
or lung-fishes, from the line of ascent to the higher 
vertebrates and to expose their true place on a side 
branch further away from the main line than that 
which they occupy in the genealogical trees figured by 
Haeckel and by his modem follower, Professor Naef. 
The dipnoan lung-fishes are excluded from the main 
line by three sets of characters: first, they belong in 
a division with feather-shaped, or leaf-shaped, 
paddles, in which the many-join ted central axis is 
predominant; secondly, their dentition is specialized 
in a very peculiar way, which leads to nothing but 
that of their modem descendants and is widely dif¬ 
ferent from the dentition of the earliest amphibians. 
Thirdly, the lung-fishes are excluded from ancestry to 
the higher forms by the highly peculiar specialization 
of the extremely massive inner skull, and by the 
bizarre pattern of the many small plates covering the 
braincase. 

On the other hand, the ancient lobe-finned fishes 
present nearly ideal conditions, not only of the 
paddles, but also of the dentition and skull patterns, 
to favor their claim to be on or near the main line 
of ascent to the four-footed, air-breathing vertebrates. 

The living Polypterus of Africa is a justly famous 
survivor of the most ancient ganoids. Prom which¬ 
ever of the two oldest orders of ganoids he may have 
been derived, he does show us how readily a lobe- 
finned paddle may be directed downward on either 
side of the body in a position to assist in wriggling 
on the mud. 

Stage 6. Basal Amphibian. Upper Devonian and 
Lower Carboniferous. 

Even the modem amphibians, including the frogs, 
newts and salamanders, retain so many essentially 
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fsh-like oharacterSf especially in their larval stogesi 
and in the general pattern of the cranial and spinal 
nerveSf that zoologists have never had any reason 
to doubt that amphibians have been derived from 
ancient air-breathing fishes of some sort. 

Thanks to the recent labors of Bryant, Watson, 
Stenaio and others, on the fossil lobe-finned fishes, and 
to those of Watson on the Lower Carboniferous 
amphibians of Great Britain, the gap in our records 
between fishes and amphibians is being measurably 
lessened. 

Indeed, it may now be said to be highly probable 
that although no known genus of lobe-finned fish was 
the immediate ancestor of the amphibians, yet the 
group as a whole has the characters to be expected in 
the descendants of an earlier common stock that gave 
rise, on the left, to the lung-fishes, near the center, to 
the known lobe-fins, and on the right, to the earliest 
tetrapods or amphibians. 

Since the last sentence was written I have received 
the latest report of the Danish Geological Survey of 
Greenland, containing a monograph by G. Save- 
Soderbergh entitled ^Preliminary Note on Devonian 
Stegocephalians from East Greenland.” These oldest 
known amphibians, which were discovered in 1931, 
aroused a great deal of interest in the American press 
a short time ago under the name of ^^four-legged 
fish.” The present report fully justifies the expecta¬ 
tion that when amphibians of Devonian age became 
known they would be decidedly nearer to the lobe- 
fin nod fishes than were the already known amphibians 
of the Ix>wer Carboniferous. This now proves to 
be the case in the patterns of the skull top and palate 
as figured from beautifully preserved material. 

The breathing of atmospheric air had already been 
acquired by several groups of fishes of the ancient 
coal swamps, as it has by several unrelated modem 
fishes. If we may judge from modern conditions, an 
oxygen-secreting pouch long served to tide the fish 
over periods of drought, and possibly the stout fan¬ 
shaped paddles of the lobe-fins may have assisted 
thein in wriggling from one pool to another. 

The greatest advance made by the earliest known 
amphibians over their fish ancestors is to be seen in 
their paired limbs. For each limb is now sharply 
angulated at the elbow and at the wrist, the basal sup¬ 
ports of the bony rays have been crowded together so 
that they converge toward the postaxial arm-bone, 
wfaSk five of the paddle-rays have become modified to 
serve as fingers and the outer fin-rays have dis¬ 
appeared, leaving only the nails as a trace of their 
former existence. 

As a result of studies in several fields, Gregory, 
Miner and Noble have attempted to visualize a pos¬ 
sible intermediate stage between a fan-shaped lobe-fin 


of the Sauripterm type and the known pattern of the 
fore limb in a primitive amphibian. 

When, however, we compare the skulls and jaws of 
the lobe-fins with those of the earliest amphibians, we 
have no difBculty in identifying homologous elements, 
or in accounting for those which are lacking in the 
amphibians. 

When breathing by the air-sac finally superseded 
breathing by the gills, in the adult stage, it is not 
surprising that the opercular bones, which play an 
important part in branchial respiration, should have 
failed to ossify, leaving only a dermal fiap. The 
region of the otic notch in Amphibia corresponds 
closely to that of the opercular flap in fishes. 

As in many other stages of vertebrate ascent, we 
learn much from the highly specialized descendants 
of to-day, which in this case are the frogs, toads, 
salamanders, etc. Their skulls represent fenestrated 
and depauperized denvatives of the ancient amphib¬ 
ian type. 

Stage 7. The Stem Reptiles (Cotylosaurs), Upper 
Carboniferous and Permian, 

It used to be supposed that there was a great gap 
between the Amphibia and the reptiles, the former 
being classified with the fishes as Ichthyopsida, the 
latter with the birds and mammals as Amniota. But 
thanks to the labors of the late Professor Samuel W. 
Williston and others, we now know certain fossil 
forms that break down the old distinctions between 
amphibians and reptiles. It was said by the elder 
Huxley, for example, that the amphibians had paired 
condyles at the back of the occiput, while the reptiles 
had but one median condyle. It is now known that 
the primitive amphibians had tripartite condyles, from 
which were evolved, on the one hand, the double con¬ 
dyles of the typical amphibians and, on the other 
hand, the ball-liko median condyle of modem reptiles 
and birds. 

One of these early reptiles, Seymouria, is so nearly 
on the borderline between amphibians and reptiles 
that one set of his skull characters has been used to 
classify him as an amphibian, while other skull charac¬ 
ters, together with the detailed construction of his 
vertebral column, justify his claim to bo one of the 
stem reptiles. 

In short, the most conspicuous advance among the 
reptiles was the elimination of the fish-like or aquatic 
stage of individual development. By enclosing an 
artificial watery environment within a water-tight egg 
the reptiles hit upon a ^^basio patent” which enabled 
them to invade the uplands and eventually to conquer 
almost the whole earth. 

The earliest reptiles retained generalized 6-niyed 
hands and feet, and this constitutes one of their many 
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olaiiDs to be on or near the “main line” o£ ascent to 
man. The opposite course of digital reduction has 
been followed by most of the descendants of the 
ancient reptiles. It has invariably carried them away 
from the “main lino” of ascent. 

Stage 6, The Captorhinida, progreaaive eotylosaura, 
Permian. 

In the ancient “lobe-flnned” ganoids the entire sur¬ 
face of the head was enclosed in a shiny armor of 
surface plates with openings only for the paired nos¬ 
trils, the median pineal eye, the paired eyes. The» 
outer jaws were merely the bony plates covering the 
inner, or gill-arch, jaws. The upper jaw plates were 
in series with the bony mask covering the head, the 
lower jaw plates covered the primary, or gill-arch, 
jaws. The jaw muscles were hidden under the shin¬ 
ing facial mask. All this was equally true of the 
oldest amphibians and reptiles, except that the shiny 
surface of the bony skull plates was lost just before 
the amphibian stage. 

In the captorhinids, which were rather progressive 
stem reptiles, the same conditions obtained, but these 
enterprising little forms had, so to speak, patented 
what we may call a “four-way palate brace” and were 
also using the oldest recorded orthodontic appliance, 
the “descending pterygoid flange,” which kept the 
lower jaw in vertical alignment. Lack of time for¬ 
bids further references to these devices except for 
the statement that they seem to be prerequisites for 
the development of the peculiar type of palate that 
appeared in the mammal-like reptiles. 

Stage 9. The Texas Theromorphs, of Permian times. 

As jaoted above, the jaw muscles of primitive verte¬ 
brates were covered externally by a shell or bone, 
forming the so-called “unperforated temporal roof.” 
While this arrangement may have been advantageous 
by reason of the protection it afforded to the jaw 
muscles, it may also have had its inherent dis¬ 
advantages, such as cramping the free expansion of 
the jaw muscles. But the Texas theromorphs hit 
upon the device of “fenestrating” by absorbing the 
central area of the temporal shell while strengthening 
its periphery. After this, nothing could or did stop 
the advance of the jaw muscles until the completely 
mammalian type of cheek arch had been reached. 
This was one of the reasons why Professor Cope 
olassifled these Texas Permian forms os Theromorpha, 
or mammal-like reptiles, and regarded them as an¬ 
cestral to the mazomals. The big ones are obviously 
too specialixed in having a ohevaux-de-frise of spines 
on top of the backbone, but the smaller ones, such 
as Williston's Myeterosaurus, avoided these specialisa¬ 
tions. 


Stage 10. The Earlier Mammal-^Uke BepHUs, of the 
Permian of SotUh Africa and Buaeia* 

South Africa is justly famous for its diamond 
mines, but from the view-point of anthropogeny its 
extinct mammal-like reptiles are of far greater sig- 
nifioanoe. Even the earlier reptiles of the Karroo 
series had already progressed far on the long evolu¬ 
tionary road toward the mammalian grade of organ¬ 
ization. For, while their own forerunners had been 
clumsy beasts, crawling with sharply bent elbows and 
knees, the South African theromorphs had begun to 
lift the body off the ground by bringing the fore and 
hind feet under the body. The skeleton, in fact, 
abounds in indications of progressively heightened 
activity associated with predatory habits. The skull 
was beginning to approach the mammalian grade, in 
the differentiation of the dentition into incisors, 
canines and cheek teeth, in the presence of a temporal 
opening and cheek arch of mammalian type, and in 
other features. 

Stage 11, The Cynodonts or Pro-mammals (Tnasric 
of South Africa and Russia), 

The South African cynodonts advanced so far 
toward the mammals that they ought to have been 
called pro-mammals, and they are only technically 
still within the upper limits of the reptilian class. 
For instance, the skeleton is now well fitted for run¬ 
ning, while the skull abounds in new advanced fea¬ 
tures directly foreshadowing the mammalian grade. 
The skull of the smaller cynodonts is strikingly like 
that of a primitive mammal in general appearance, 
arrangement of bones of upper jaw and nasal region 
of cheek bar, fossa for jaw muscles, etc., etc. That 
these cynodonts stand in between primitive reptiles 
and typical mammals is shown in almost every feature 
of their skeletons. 

The lower jaw also was very progressive, but their 
official status as reptiles was validated by the reten¬ 
tion of the old “reptilian joint” beneath the new or 
“mammalian joint.” 

The secon^ry palate was approaching that in 
mammals and stands between the primitive reptilian 
and the typical mammalian conditions. 

The living relatives of the cynodonts are the mam¬ 
mals, including ourselves. 

Stage 12, letidosaurians, Upper Triassie of South 
Africa* 

These highly progressive derivatives of the pro¬ 
mammals (recently described by Bobext Broom from 
two skulls) were on the borderline between reptilee 
and mammals. They practically bredc down tibe dis¬ 
tinction between reptiles and mammals and rimw the 
absiardity of the statmnent that there are lutb 
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brtweeii elasBQfi.” They posBessed the new joint be¬ 
tween the mandible and the temporal bone that is 
eharaoterifltio o£ the mammals, but they also retain 
the old reptilian joint between the quadrate bone 
and the artionlar bone of the mandible. 

Posuble survivors or relatives of Upper Triassic 
mammal-like reptiles may be seen in 

8tag$ 13^ The Buckhill Flatypue and the Spiny Ant- 
eater of Australia. 

Both these forms lay large reptilian eggs, have 
reptile-like oviducts and many reptilian features in 
skull and skeleton, also a relatively primitive brain. 
They represent an early stage in the evolution of 
mammalian characters, especially those that tend to 
maintain a higher, more stable body temperature and 
more sustained activity. These qualities have helped 
mammals to conquer the world and drive out the 
reptiles. 

Stage 14, Pretrituberculate, Jurassic mammals. 

There was once a dogma that ^‘no mammals are 
found in Jurassic rocks,” and when one was found 
there, some denied that it was a mammal, others that 
the rocks were Jurassic. But Cuvier pronounced it 
“the jaw of a little opossum,” a nearly correct alloca¬ 
tion. Three orders, numerous genera and species of 
Mesozoic mammals have been described from the 
Jurassic of England and Wyoming, but mostly from 
broken jaws and teeth. 

The teeth represent several stages of evolution 
toward primitive mammalian types. The skull in gen¬ 
eral had advanced beyond mammal-like reptiles in 
the direction of the most primitive marsupials. In 
the more advanced members the teeth were of primi¬ 
tive tritubercular type, ancestral to those of later 
mammals, including man. 

Stage 15, Cretaceous Opossum-like Marsupials. 

Huxley, Dollo and later students have emphasized 
the extremely primitive character of existing Ameri- 
oaiiL\)posBumB, our oldest and most precious “living 
fossil.” 

Unfortunately, most Americans appreciate the 
opossum more for those qualities which have earned 
for him the title of “African turkey.” It rather pains 
me to hear of great statesmen taking a holiday down 
Sopth to hunt these poor animals to eat, when they 
Ought to be securing them for the museums of the 
future or laboring to establish opossum sanctuaries. 
The opossum has an American ancestry which would 
make even the longest known human genealogy look 
like U last year’s birth record from Ellis Island, ^or 
Batnom Brown, out curator of Fossil Reptiles, found 
in rocks of Upper Cretaceous Age in Alberta a fossil¬ 


ized dcull of an early member of the opossum family 
embedded underneath a dinosaur akolL Its estimated 
age is about eighty to one hundred millions of years. 

The opossum skeleton is highly instructive in many 
ways; e,g,, it shows incipient adaptations to tree-living 
habits, the use of the pectoral limbs as hands and of 
the hind feet for grasping. While not in the direct 
line to higher mammals, it preserves many characters 
whioh we may confidently look for in the direct an¬ 
cestors of the Primates. 

Stage 16, Cretaceous Insectivorous Placentals of 
Mongolia. 

One of the greatest prizes of Dr. Andrews’ expedi¬ 
tion to Mongolia, discovered by Dr. Granger. Huxley, 
Osborn and others had predicted that ancestors of the 
higher or placental mammals would be found to be 
Mesozoic insectivores. These little forms are judged 
to be placentals, through the close resemblances of 
their skulls and teeth to those of existing insectivores. 
Umting charactei's of the earliest insectivores and 
carnivores, they show an ideally primitive stage m 
tritubercular upper molars and give long-looked-for 
paleontological proof that the primitive cusp was not 
on the inner aide, as believed by Cope and Osborn, but 
was located on the main cusp, homologous with the 
main tip of the premolars. 

The surviving relatives of the Cretaceous in- 
sectivores are the Centetid insectivores of Madagascar. 

A 

Stage 17. Primitive Tree-shrews {f Upper Cretaceous 
to Lower Eocene), 

Somewhere in late Cretaceous times a group of 
small placental insectivores took to climbing up trees, 
with momentous consequences. For here they grad¬ 
ually acquired those primary arboreal characters 
which, as there is much evidence to conclude, were 
deeply stamped into the anatomy and ways of life of 
our own remote ancestors. 

The tree-shrews, however, took only the initial 
steps; their skeleton retained much of the generalized 
mammalian type; but while the hands and feet re¬ 
tained claws, initial stages in the evolution of the 
nails are seen in late members of the group (from the 
Tertiary of Mongolia). 

The existing tree-shrews suggest ordinary in¬ 
sectivores in their^largo muzzle, but their skulls and 
teeth approach those of lemurs in certain important 
characters. In fact, some authorities want to classify 
them with the lemurs, but as they were a separate 
family far back in Eocene times, they may be treated 
as pre-Primates. 

Stage 18, The earliest true Primates (Eocene), 

There is one fraternal order to whioh all Americans 
belong by right of birth, though few are willing to 
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admit it, that is, the Order of Primates, This ancient 
and honorable order has an antiquity vastly exceeding 
even the claims of any that bold conventions in the 
big hotels; the bones of its founders have been dis¬ 
covered in the Bridger formation of Wyoming—their 
estimated age, about fifty millions of years. This 
most important skeleton I had the pleasure of naming 
in honor of the president of the American Museum of 
Natural History, Henry Fairfield Osborn. 

The conspicuous characters are: While retaining 
five digits, it has grasping hands and feet fitted for 
climbing; the skull is progressive in its fairly large 
orbits; the brain is essentially lemur-like but lower 
and smaller; the dentition is very generalized for a 
primate; the dental formula is If Ci P JM f • Thus there 
were forty teeth in the adult, while in anthropoid apes 
and man the number has sunk to thirty-two. 

Some paleontologists, including Drs. Wortman and 
Gidley, saw in Notharctus an ancestor of the South 
American monkeys, but to me it is too generalized to 
be classified with the South American monkeys. It is 
rather closely related to the Adapidae of Europe, 
which in turn are probably near the stem of the 
Madagascar lemuroids. Thus Notharctus may not be 
in direct line of ascent to man, but it is most in¬ 
structive in showing how deeply arboreal characters 
had been impressed on the Primates by the Lower 
Eocene, fifty million years ago. Many lines of evi¬ 
dence support the view that the Primates as an order 
were fundamentally arboreal and that later semi- 
terrestrial types, like the baboon, or fully terrestrial 
types, like man, were aU secondary. 

Stage 19. The Tarsioids {Eocene). 

The active arboreal life of the Primates requires a 
high development of sight. Hence the Primates were 
primarily big-eyed forms. This tendency early ran to 
extremes in the tarsioids, which Dr. Wood Jones re¬ 
gards as nearer than any other known forms to re¬ 
mote ancestors of man. But while it is not necessary 
to accept the tarsioids as direct ancestors, they show 
certain advances in the optical organs which the an¬ 
cestors of man must have passed through. Excessive 
specialization, however, even in the Eocene Anapto- 
morphua, has led to extreme squeezing of the inter¬ 
orbital region and extreme diminution of the nasal 
chamber. The tarsioids were also early overspecialized 
in the hopping adaptations of their feet; this again 
rules them out of the direct line. Nevertheless, even 
in the modem Tarsius their brain and soft anatomy 
are pretty primitive and in many respects they bridge 
the gap between lemurs and monkeys; not impossibly 
they stand rather near to the unknown direct line 
leading to apes and man, though their relationship to 
man, in the judgment of most students of the subject, 


is not nearly as close as is the relationship of the 
apes to man. 

Stage 20. The separation into New World and Old 
World aeries. 

The question of the precise degree of relationship 
between the New World and the Old World monkeys 
has been considered from many angles, but there is 
no unanimity of opinion. In spite of certain common 
characters of the brain, placenta, etc., k seems pos¬ 
sible that the New World monkeys were derived 
from some as yet unknown family other than that 
which gave rise to the Old World series, as main¬ 
tained by Stehlin. They are widely separated in 
space and time and widely differentiated in many 
anatomical characters; e.g., in details of skull and 
dentition. 

The Old World monkeys are distinguished from the 
New World senes not only by the narrow nostrils 
(“Catarrhinae’') but also by the dental formula, al¬ 
ready reduced to the same figures as in man and apes, 

namely, IlCiPiMf. 

Dr. Wood Jones has referred to certain skull charac¬ 
ters in which Old World monkeys appear to be too 
specialized to give rise to man. The same is true of 
their molar teeth. Nevertheless, the skeleton as a 
whole is far nearer the ancient Primate type in that 
the Old World monkeys are still mostly pronograde, 
i.e., they do not practice brachiation, or arm-swinging, 
as much as do the anthropoids. Their hands and feet 
also are much more primitive, and the same is true 
of their brains. 

Stage 21. The founding of the Anthropoid dynasty. 

From the Lower Oligocene formation of upper 
Egypt, Professor Max Schlosser, of Munich, described 
two priceless little fossil jaws, illustrating two stages 
of evolution of the Primates. The smaller one, 
Parapithecus, already a living fossil in its own tune 
forty million years ago, was apparently a hold-over 
from the tarsioids of the Eocene. At least it agreed 
with them in having a very short jaw, very wide at 
the back as seen from above, implying a much ex¬ 
panded braincase, and pointed in front. The teeth 
combine some characters of tarsioids with others of 
the anthropoid-human series. 

The second stage was definitely a small anthropoid 
ape but of immense antiquity and prupaitiveness* It 
was named by its discoverer Propliopithecua, as a 
forerunner of Pliopithecua, the ancestor of the gibbon, 
but much more primitive than the gibbons in jaw and 
teeth. It has advanced beyond the taisioid stage in 
widening of the front end, implying widening of 
tongue (embryonic jaw moulded by tongue). Dental 
formula: IjC^PgMjj, os in anthropoid apes and man. 
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Molar teeth of primitive anthropoid type with five 
main cusps. It has been regarded by an eminent 
anthropologist (Sergi) as an ideal ancestor of man, 
but it might be a near ancestor of the entire ape<man 
series in characters of the lower jaw and dentition. 

The modem gibbon, as a descendant of Propliopith- 
ecus, is a somewhat overspecialized side branch with 
excessively long arms and legs and saber-like upper 
canine tusks. Nevertheless, in many ways it repre¬ 
sents a transitional stage between monkeys and apes. 
It retains the last traces of ischial callosities, Several 
characters of the skull and skeleton, but especially 
the molar teeth, definitely and surely classify the 
gibbon as an ape, not a monkey. The Johns Hopkins 
University school of anatomists concludes that the 
human line came off far down the anthropoid stem, 
a little above the level of the origin of the gibbon. 1 
feel that there are too many strong bonds between 
man and the higher anthropoids to make the pro- 
gibbon ancestry of man probable, but all are agreed 
that man has come off from the anthropoid stock either 
earlier or later. 

The gibbon skeleton is thoroughly adapted for 
brachiating. This is generally defined as ^^arm-swing¬ 
ing,” but if we watch living gibbons we see that the 
legs play a very important part in leaping. The 
habit of brachiation has brought the backbone into a 
vertical position at right angles to its primitive hori¬ 
zontal position, and some authonties believe that 
brachiation is a prerequisite to human evolution. We 
may readily concede, however, that the gibbon is now 
in an advanced overspecialized phase of brachiation 
which need not be imputed to the early Tertiary 
anthropoids. 

Stage 22, The Miocene Anthropoids, 

During the Miocene epoch the anthropoid group was 
represented by many species found as fossil jaws and 
teeth in France, Germany, the Vienna basin, Spain, 
northern Egypt and India; hence there was a broad 
zone extending across Europe and India with later 
offshoots in tropical Africa, South Africa, China, and 
southeastern Asia. This wide-ranging group was 
highly variable in size and ip. details of the dentition. 
They are known to date only from scattered jaws, one 
humerus and one femur. An eminent mammalogist 
demands fossil ape skeletons that include well-pre¬ 
served hands, feet, pelves, etc., before admitting the 
evidence of fossil apes to his private court of judg¬ 
ment ; but fossil apes do not come to us in that form. 
Nevertheless, these jaws and teeth of fossil apes are 
of extraordinary value, for they reveal both the wide 
plasticity and wide geographic distribution of the 
antiitopoid stock. Bamum Brown discovered in India 
several important jaws shown in composite form in 


the figure. The jaw is deep and massive; there are 
thirty-two teeth; the canines are prominent, the op¬ 
posite tooth rows are parallel as in apes. 

The cheek teeth are of great interest because the 
pattern appears to be archetypal to that of man. The 
lower molars have three cusps on the outer side, two on 
the inner side, with elaborate ^^Dryopithecus pattern” 
of grooves, also a “fovea anterior” and “fovea poste¬ 
rior.” Exactly this combination is found in primitive 
human jaws along with new and distinctly human 
characters. The characters of the premolars and 
molars support the view that man is an offshoot from 
some member of the Dryopithecus stock and with 
closer relationships to the African anthropoids than 
to the gibbon and the orang. The reduction of the 
canine in man is quite secondary, as supported by 
the extensive researches of Hemane. 

Dr. Gerrit S. Miller, Jr. (as quoted in a recent note 
in Scibnoe) objects that men and anthropoids are dif¬ 
ferent kinds of giants, as compared with Primates of 
average size, and that there is no fossil-proved pre¬ 
cedent for one kind of giant’s turning into a different 
kind of giant. He therefore classes the derivation of 
man from a Tertiary anthropoid stock as “an alluring 
speculation,” choosing to ignore the hundreds of 
anatomical characters that tie man with the anthro¬ 
poids in a single systematic group. But there are 
giants and giants. The crown of the third lower 
molar of Dryopithecus fontani measures about 11 by 
9.2 millimeters in anteroposterior and transverse diam¬ 
eters, respectively, while that of Dryopithecus 
giganteus measures 19 by 15.3 millimeters.* This wide 
range of variability in size in the older group does 
not seem to favor Dr. Miller’s assumption of unalter¬ 
able, fixed divergences between the two. 

The oonolusion that man is closer to the Dryopith¬ 
ecus stock than to the gibbons seems also to be op¬ 
posed by my colleagues in Johns Hopkins University, 
and although I am prepared to defend it in detail, I 
do not regard it as essential for the present purpose, 
which is merely to reaffirm the conclusion that man 
in much the greater part of his characters is nearer 
to the anthropoid apes than to the more primitive 
Primates. 

Stage 23. The extinct South African Anthropoid 
(Australopithecus) 

This amazingly well-preserved fossil was described 
by Professor Raymond Dart, of the University of 
the Witwatersrand, South Africa, in 1925. It was 
found in a fissure deposit near Taungs, on the eastern 
edge of the Kalahari desert. Its geological age is 

s William K. Gregory and MUo Heilman, Anthropologi¬ 
cal Papers of the American Museum of Natural IHstory, 
Vol. xxviii, Part I, 1926, p. 74. 
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not precisely established but, according to Dr. Bobert 
Broom, two species of fossil baboons and an extinct 
species of Hyrax have been found in the same level. 
He therefore considers the age of Australopitheoua to 
be Pliocene. But whether the ago be Pliocene, 
Pleistocene or Recent, this skull is of exceptional in¬ 
terest. Extremes of judgment about the skull are 
first, that of Professor Dart, who regards it as the 
representative of a new family ^^Homosimiidae’’ 
widely removed from the African anthropoids; at 
the opposite extreme is the conclusion of Dr. Wolf¬ 
gang Abel, of Vienna, who regards it as olosdly 
related to the gorilla and having nothing whatever 
to do with human ascent Dr. Milo Heilman and I, 
who have studied the excellent casts of the upper and 
lower teeth, conclude that while it is a young anthro¬ 
poid, related to the existing African genera, yet its 
deciduous canines and molars and its first permanent 
molars are, on the whole, unequivocally more man-like 
than those of the existing young gorilla and chim¬ 
panzee; while its permanent molars are definitely not 
those of Gorilla but present beautiful examples of a 
modified Dryopithecus pattern akin to those of tlie 
Ehringsdorf and Mousterian fossil human stage. In 
short, while we do not yet know the form of the adult 
skull of Australopithecus, it is safe to affirm that this 
child skull is strikingly ^^prehuman” in the general 
appearance of its cranium and facial skeleton and 
that it tends to lessen the phylogenetic gap between 
man and the existing African anthropoids. 

Stage 24, Man appears. 

With regard to the fossil human remains known as 
Pithecanthropus, found in Java, and Eoanthropus, 
found in England, scientific controversies have raged 
to such an extent that the eminent mammalogiat al¬ 
ready cited has urged that these names be, so to speak, 
wiped off'the scientific slate until they are documented 
by bettor material. Fortunately, we need not for the 
moment at least contest this quite arbitrary ruling, 
for new and unimpeachable material of early man has 
been discovered near Peking and admirably described 
by Dr. Davidson Black. One of the Peking skulls was 
only little more advanced than that of Pitheemthro- 
pus, while the second was slightly further advanced 
toward the Neanderthal type. But according to the 
masterly field investigations of Teilhard de Chardin, 
the Peking human remains are contemporaneous with 
an extensive mammalian fauna that retiuns many ele¬ 
ments oharacteriatio of the Pliocene age, along with 
others indicating Lower Pleistocene age. Moreover, 
the Peking horizons belong in the Bed Earth series, 
which are older than the thick bess deposits of 
Pleistocene age. Hence the Peking man, according to 
Chardin, is far older, than the typical Neanderthals 


of the late Pleistocene of Europe, w^e its skulL 
contours, as figured by Black, are all lower and more 
primitive. 

Without entering into controversial questions as to 
the geological age of the Piltdown and Pithecanthro¬ 
pus remains, it seems highly probable that the an¬ 
cestors of Sinanthropus in late Tertiary times would 
have been properly classifiable as men rather than as 
apes. Time after time the Pliocene representatives of 
modem mammalian families have been shown to bo 
almost modem in the appearance of their teeth, skulls 
and feet. 

But here, as always, we must avoid the serious 
logical error of assuming for man the low average 
rate of evolution that obtained in non-Primate mam¬ 
mals. Moreover, the Lower Pleistocene Sinanthropu^s 
stands so far below Homo sapiens in cranial capacity 
that a backward prolongation of the curve at the 
same rate would presumably bring down the figures to 
the horizon of the anthropoids at no very distant 
geological date. Finally, according to the eminent 
geologist, Professor Sohuchert, of Yale University, 
who has given prolonged consideration to this problem, 
the duration of the Pliocene epoch is many times 
greater than that of the Pleistocene. At present I 
know of no single item of objective evidence for the 
view that the human family began to diverge from 
that of the anthropoid apes as far back as Lower 
Oligooene or Upper Eocene times, forty or fifty mil¬ 
lion years ago; although in all fairness it should be 
noted that many other families of mammals did part 
company with each other at even earlier dates. But 
upon another occasion I was at some pains to demon¬ 
strate that, considering only the molar teeth and the 
feet, the structural difilerenoes between two families, 
the tapirs and the horses, that are known to have 
diverged in Lower Eocene times, are now far greater 
than the differences in the patterns of the molar teeth 
and of the feet respectively between modem men and 
modem apes. 

But at whatever period, early or late, the human 
family may have begun to diverge from that of the 
anthropoid apes, it appears to be virtually proved by 
hundreds of separate items of evidence that men and 
apes are the divergent offshoots of a conimoa stoek, 
the existence of which, though not the period, is 
sufficiently documented by the huge mass of evidence 
already at hand. But it is not to b^ expected that 
this still growing mass of evidence for man^a evolu¬ 
tion from the bwer animals will quiet loud de¬ 
mands of anti-evolutionists for "objective evidence." 

Stage 25. Homo sapiens, the hig->hr&ined ievaetator. 

The existing anthropoids have a veritabb passLon 
for tearing things apart; but in point of destructive- 
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ness they are btmglixig amateuia, compared witii their 
big-brained relative Homo sapiens. In himi by a 
series of conditioned responses, destruotivenesB within 
the family and tribal limits was restrained, but when 
enemies were to be ravaged and pillaged it was given 
full rein. For nntold millions of years the line of 
vertebrates that led toward man were unblushing 
thieves and robbers; even now, the human face be- 
neath its smiling mask carries the old mammalian trap 
set with sharp teeth. Such being the case, it is no 
wonder that we suffer from grafters, racketeers and 
gunmen. The wonder is not that so many of us find 
ourselves in prison but that any of us ever learned 
to keep out. 

However, as soon as apes began to go in families 
and hordes, the counter principles of more or less 
unselfish interest in others began to operate; even in 
the lowest of existing social organizations there seems 
to be more or less clear proof of the unselfishness of 
mothers, the devotion of fathers, the generosity and 
disinterestedness of friends. Such a patchwork of 
good and evil is Homo sapiens! 

But it does not seem that the pessimists are neces< 
sarily right. As Dr. Clark Wissler has pointed out, 
particular cultures may disappear, but culture itself 
goes on. And in view of the nearly world-wide dis¬ 
tribution of Homo sapiens it would be hard to imagine 
any purely terrestrial epidemic or insect scourge that 
could wipe him out over his entire range. 

Finally, man, in respect to the high development 
of his brain and other characters, may well represent 
an early stage in the differentiation of a virtually new 
class of vertebrates. The paleontological record shows 
repeatedly that, in the long past, once a new class gets 
started it runs for hundreds of millions of years. So 
that, taking the available evidence into consideration, 
it seems safe to predict that Homo sapiens will 
eventually muddle through this depression and survive 
to endure others in the future. 

StrifMARY 

Anthropogenic” of Ernest Haeckel, a pioneer 
work of great difficulty, depended to a considerable 
extent upon the so-called biogenetic law. Since the 
validity 0^ this law has Been attacked by several 
modern zoologists, public confidence in Haeckel’s con¬ 
clusions seems to have been undermined, at least in 
certain parts of the country. The “new anthropogeny” 
has grown chiefly out of the progress of paleontoloj^, 
comparative anatomy, phylogenetic taxonomy and 
the oomparison of the Schells dea itres among recent 
and fossil series. It seems that we are now in a posi- 
tlon fo substitute for the more or less hypothetical 
stages postulated by Haeckel a new and independently 
diaeoveifed series representing groups that ^part the 


least from a continuous ascent. This, of course, in¬ 
volves the exclusion of all other groups which show 
more than the least observed differences from the more 
nearly continuous series. 

For example, Haeckel relied upon the lung-fishes 
(Dipnoi) to bridge the gap between earlier fishes and 
the Amphibia. The Paleozoic Dipnoi are now seen to 
have been further from the “line of least change” 
thiLTi wore their contemporaries, the lobe-finned 
ganoids (Crossopterygii), which possess in an earlier 
form a great many of the skeletal characters that were 
inherited by the Amphibia. It is concluded by Watson 
and others that the “lobe-fins” were descendants of 
an earlier group, which also gave rise in one direction 
to the Dipnoi, in the other to the Amphibia. 

The new anthropogeny, as far as developed to date, 
submits the following series, subject, of course, to 
correction by further discovery: 

(1) Pre^fish (ostracoderm) of Ordovician, Silurian 
and Devonian age. Paired sense organs, brain and 
cranial nerves, all fimdnmentally identical with those of 
the larval lamprey. ** Gill-arch'' jaws not developed. 

(2) Jniiarch. Gill-archjaws incipient, outer jaw 
bones present. Known forms: PterichthySf BothriolepUtf 
etc.; probably well off the main line except in characters 
noted. 

(3) Pre-aha/rh {acanihodian), Devonian. “Gill-arch” 
jaws (in series with gill-arches) fully developed. Paired 
fins arising from stabilizing fin-folds. 

(4) Basal ganoid fiah. Devonian. Enamel-covered 
bony mask over face and gill-chamber. Inner (primary) 
and outer jaw-parts complete. Anal, pelvic and pectoral 
fins showing progressive evolution from fin-fold to paddle 
typo. Pectoral girdle complex (surface and deep ele¬ 
ments), Near line of ascent to typical true fishes, 

(6) Lobe-finned ganoid, Devonian and IjOwer Car¬ 
boniferous. Paired fins with shortened bases and 
crowded, fan-like skeleton. Teeth labyrinthodont, pri¬ 
mary jaws covered with bony plates. Many bones of 
skull-roof homologous with those in later vertebrates. 
Cleithrum predominant in pectoral girdle. 

(6) Basal arnghibian. Lower Carboniferous. Paired 
limbs with five-rayed digits. Vertebrae cut up, large 
intercentra. Pectoral girdle at first retained cleithrum 
from fish stage. Teeth labyrinthodont. Opercular bones 
absent. 6kuU patterns archetypal to all later ietrapods. 
Oeclpit^ condyle tri^rtite. Aquatic (tadpole) mode of 
development. 

(7) Stem reptile. Upper Carboniferous. Presumed 
elimination of tadpole stage. Vertebrae simplified, inter- 
centra small. Occipital condyle tripartite to single and 
median. Cleithrum reduced. Limbs of crawling type. 

(8) Progressive cotylosaur {captorhinid). Permian, 
Ztetaining primitive shell of bone over temporal muscles, 
“Four-way palate arch” developed from primary upper 
jaw. Skeleton lizard-like. 
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(9) Tesas iheromorph, Permian. Temporal roof 
fenestrated hy jaw muscle, leaving eygomatic arch of 
pre-mammaUan type. 

(10) Earlier fnammahlike reptile, Permian of South 
Africa and Russia. Limbs adapted for running. Den¬ 
tition carnivorous, with incisors, canines and cheek teeth. 
Temporal region of pre-mammalian type. Dentary bone 
of lower jaw with obliquely ascending ramus. Occipital 
condyle single. 

(11) Cynodont or pro-mammai, Triassic of South 
Africa. Skull sub-mammalian in: zygomatic arch, sec¬ 
ondary palate, differentiated dentition, double occipital 
condyle, etc. Lower jaw with increasing ascending 
ramus finally approaching squamosal bone. Jaw bones 
behind dentary reduced. Quadrate small. Skeleton of 
sub-mammalian running type. 

(12) lotidosaurianf near-mammeU, Upper Triassic, 
South Africa. Skull almost mammalian. Lower jaw 
with large, nearly vertical, ascending ramus of dentary 
and much reduced jaw bones behind dentary. 

(13) Prototherian mammal. Known chiefly from re¬ 
cent Duckbill (Omiihorhynchve) and Eehtdna of Aus¬ 
tralia. Retaining semi-reptilian type of eggs and ovi¬ 
ducts. Primitive skeletal features, especially in girdles 
and limbs. Incipient stage of milking habit. Lower jaw 
with new or mammalian type of joint with skull (t.e., 
between dentary and squamosal bones). Various aber¬ 
rant specializations in modern representatives. 

(14) Predrituherculaie mammal, Jurassic. Lower 
jaw of primitive mammalian type, crowns of lower cheek 
teeth with elevated, three-cusped **trigonid'^ and low, 
small * * talonid ^ ’ or heel. 

(15) Pre^opossum, conservative Motatberian. Creta¬ 
ceous. Not near direct line to placentals but retaining 
many primitive skeletal features, especially in skull and 
dentition. Young probably bom in very incomplete con¬ 
dition. Brain with only beginning of “neopallium''; 
corpus callosum not developed. 

(16) Creiaceoue inaectivoroua placental. Skull of 
small generalized insectivore type. Small brain with 
large olfactory lobes. Brain In modern descendants with 
corpus callosum. Upper cheek teeth with incipiently 
divided main cusp (paracone) and low inner spur 
(protocone), A placenta developed in modem relatives. 

(17) Primitive tree-shreiv. Basal Eocene. Incipient 
adaptations of hands and feet for tree-climbing. Skull 
essentially as in No. 18, that is, lemur-like but with 
unreduced olfactory chamber. Skeleton of generalized 
placental type. Modern tree-shrews retaining many 
primitive characters. 

(18) Stem Primate, Lower and Middle Eocene. 
Adaptations for arboreal habits deeply stamped on 
hands and feet of grasping type. Dental formula 
ISC1PJM8. Eyes large, orbits with postorbital rim, 

(19) Eocene Pre-iareioid, Known forms aberrantly 
specialized; but more generalized stage should be near to 


main line. Eyes large, protruding forward, interorbital 
space reduced. Brain very wide, jaw short, wide pos¬ 
teriorly, pointed in front. Extremities grasping (grasp¬ 
ing-hopping in known forms). Premolars typically 
Parapithecus possibly belongs here. 

(20) Stem Old World monkey. Pronograde or essen¬ 
tially quadrupedal, with grasping hands and feet. Den¬ 
tition IJCJPaMJ. Clieek teeth in recent forms aberrantly 
specialized; t.c., with well developed cross-crests. Nose 
catarrhine (V-shaped nostrils). Orbits separated from 
temporal fossae by bony partition. 

(21) Pre’anthropoid (Propltopitheotts), Lower Oligo- 
ceno. Anrcstral gibbons with short, deep lower jaw, 
more primitive lower canines and premolars. Dentition: 
IJCJPJM" . Molars with five cusps. Fruglvorous. Re¬ 
cent gibbons overspecialized for upright progression 
by brachiation, with excessively long arms and legs; 
nevertheless retain certain monkey characters (c./7., traces 
of ischial callosities). Brain less advanced than those 
of the chimpanzee and gorilla. 

(22) Mid-Tertiary anthropoid*group. Ranging from 
Spain, through France, Germany, Austria, Egypt, East 
Africa to India and (later) to South Africa. Lower 
molars with five cusps and * * Dryopiihecu» pattern." 
Limb bones of anthropoid type. Brain capacity of re¬ 
cent great apes ranging from 290 to 610 cc. (Keith). 

(23) Southern Ape {Australopitheoue), Pliocene or 
Pleistocene of South Africa. This “ape-child" skull 
probably belonged to a race of adults with muzzles more 
ape-like than its own. Nevertheless, its deciduous teeth 
and first true molars, while primarily of the * ‘ Oryopithe- 
cue** type, are not very far below the earlier human 
levels. 

(24) Early Human Stage, Lower Pleistocene or 
earlier. Represented at least by Pitheeanthropue of 
Java and Sxnanihropue of China. Vertically low skulls 
with strongly projecting brow-ridges. Brain of rela¬ 
tively low type; endocranial capacity 900 ± cc. (Dubois). 
Clear traces of * * Dryopithecua pattern" in lower molars 
of Ehringsdorf young. 

(25) Homo sapiens. Pleistocene and Recent. Brain- 
case typically high, with little or no brow-ridges. Cranial 
capacity: racial means ranging between 1200 and 1500 
cc. (Hooton). Bkeleton adapted for upright bipedal 
posture, but hands and feet retaining many clear traces 
of generalized ape ancestry. Lower molars often four- 
cuBped, with traces of *^Dryopiiheous pattern" usually 
on m^. Brain retaining many unmistakable marks of 
derivation from an anthropoid stage, but with progres¬ 
sive development of centers and areas associated with 
speech and verbalized thinking. 

As to tbe possible future of mankind, it is pointed 
out that, to judge from the history of many other 
new groups (not species), and in consideration of his 
cosmopolitan distribution, mankind should be a *^good 
risk’^ for survival for an indefinite period. 
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JOHN JOSEPH CARTY—AN APPRECIATION 

Whkk in the early morning hours of Tuesday, De¬ 
cember 27, General John J. Carty died in the Johns 
Hopkins Hospital, after a valiant but unsuccessful 
fight to overcome the shock of a major operation, the 
field of science, the profession of engineering and the 
community of intellectual life in the United States 
suffered a great loss. Nor was this loss confined to 
the nation of which he was a citizen, which he loved 
with that intellectual fervor which only the great pos¬ 
sess, and which throughout his life he had served with 
such steadfast devotion. In many countries, from 
those of Europe to far-off Japan, Carty, his works 
and achievements and his philosophy of life were 
known and admired. 

From every country which has felt during the past 
half century the stirring of that new force which sci¬ 
ence and its application has brought into human liv¬ 
ing, men have at one time or another made the pil¬ 
grimage to New York to sit at Carty^s feet and to 
learn and profit from his wisdom. It mattered not 
what language the pilgrims spoke, all profited from the 
contact and all returned whence they came not only 
with a realization of this profit, but also with the 
realization that they had acquired the lasting friend¬ 
ship of a wise man. 

Nor were these contacts one-sided affairs. General 
Carty had an insatiable desire to enlarge his own fund 
of information and understanding. All who came in 
contact with him, from the most wise to the most 
frivolous and shallow, were subjects for his inquiry. 
He gave much and willingly of his store of knowledge 
and wisdom but in return, and frequently in ways un¬ 
known to his vis-h-vis, he exacted payment in full 
measure. At times this payment was in kind; more 
frequently than not it was in values quite foreign to 
the main subject-matter of the conversation. At the 
termination of the contact General Carty had invari¬ 
ably something new added to his already great store 
of knowledge—a bit of social history or custom, a 
hitherto unknown item of science, a peculiar slant of 
political thinking, or any other of the thousand and 
one things which involve the working of human emo¬ 
tions or the human mind. 

His relentless search into the way human beings re¬ 
act and into the motives which guide their thought and 
action, and whose results he continually marshaled 
and remarshaled under the guidance of his incisively 
analytical mind, became a main source of bis extraor¬ 
dinary capacity for being always at home in any com¬ 
pany. Few men possess the capacity which General 
Carty had for meeting on a plane of complete under¬ 
standing men and women of every social and intel¬ 


lectual gradation. It was a capacity which enabled 
him in every situation to give and receive knowledge 
and to infiucnco the outcome of events in ways and in 
a manner which were frequently uncanny. 

More than most men, General Carty had at one time 
or another actually put himself in the position of the 
other man in the wide variety of situations in which 
men exercise their powers, their frailties, their hopes 
and aspirations and their emotions. 

For one who attained to such eminence, whose coun¬ 
sel and advice were so sought after in so many fields, 
and whose opinion always carried such weight, even 
with those who dissented from his conclusions, the 
record of General Carty’s own writings, even in the 
field of his profession or that part of it which was his 
specialized interest—electrical communication —iA sur¬ 
prisingly meager. Of course during his long active 
and creative career he produced a vast volume of let¬ 
ters, memoranda and reports, each bearing the im¬ 
print of a master mind but each concerned primarily 
with some specific question of the moment. At the 
same time lectures, addresses and articles of the kind 
which go commonly to build up a reputation for wis¬ 
dom and which produce a far-reaching Ei^d lasting in¬ 
fluence were remarkably few in number. Such as do 
exist are almost without exception just what one 
would expect from their author. 

’ Why was it that a man who possessed and deserved 
the reputation which General Carty acquired made so 
little use of the tool which most men of ability esteem 
their most powerful weapon T The answer is clear to 
those in position to know him best. In part it was 
because he was always too busy seeking to solve the 
vast array of problems crying for solution, even 
though he always promised himself and others that he 
would some time write out something of what he had 
learned. In part also it was because the act of author¬ 
ship was for him an incredibly laborious task. Only 
those of us who have been witness to this labor have 
any real appreciation of just how difficult and time- 
consuming it was for him to prepare an important 
document which would be a permanent record of his 
thoughts and conclusions and to which he would be 
willing to sign his ijame. This labor was not because 
he in any way failed to have a perfectly definite and 
clear picture of just what he wished to say, nor be¬ 
cause he lacked the full vocabulary in which to ex¬ 
press his thoughts. Rather it was because he did have 
complete clarity of mind and a full vocabulary. To 
him words and their arrangement were powerful tool:; 
which should not be lightly nor thoughtlessly em¬ 
ployed. Every word and every seritiiace in any docu¬ 
ment of importance must, when finally chosen and ar- 
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ranged, convey to the reader the exact ahade of mean¬ 
ing'—no more, no lesa—^that he had in mind. This 
habit and insistence made serious writing far too time- 
consuming an operation to be indulged in frequently. 

Absence of a voluminous printed record does not 
mean, however, that General Carty left no substantial 
material evidence of his great creative ability. Mod¬ 
em telephony, whose development owes so much to 
him, has in the last analysis a very limited number of 
elements which are prime to its existence. Some, like 
the telephone itself, or the loading coil or the vacuum 
tube amplifier, are spectacular and well known. Othein 
of equal or greater importance have become so much 
the commonplace of telephone engineering that few 
realize their fundamental character or that their crea¬ 
tion was ever looked upon as an outstanding achieve¬ 
ment. 

The three most important of these foundation stones 
which are in use wherever telephony is employed are 
creations of General Carty. His invention of the 
^'common battery” for supplying operating current 
from a single central office battery to any number of 
interconnected telephones made practical the commer¬ 
cial development of telephony in metropolitan areas. 

His development of the high resistance bridging sig¬ 
nal bell for subscriberB substations to replace the 
theretofore universally employed low resistance series 
bell, tore the hampering shackles from a wide-spread 
extension in the use of the telephone. Every tele¬ 
phone set now in use employs such a signal. 

Equally revolutionary and of a more distinctly 
scientific character was his discovery that the principal 
cause of cross interference between telephone circuits 
was electrostatic and not electromagnetic unbalance. 
This discovery and the rules which General Carty 
worked out for the proper construction of adjacent 
telephone circuits are now universally employed. 

A characteristic of each of these achievements is 
that each came as the direct and logical result of what 
was one of General Carty’s most powerful intellectual 
weapons—his ability to brush aside non-essentials and 
grasp the kernel of the problem. Many men had 
worked on each of the three things just mentioned. 
They were obvious obstacles to progress. They yielded 
readily to solution once General Carty had formulated 
simply and accurately the essentials of the problem 
and the nature of the answer required. 

These things and a host of others similar but less 
important wore personal creations. They belong to 
his earlier years. The great achievements of his later 
life and for which he is best known in the field of elec¬ 
trical conununioatiou are the achievements of a gen¬ 
eralissimo. Long distance telephony over land, trans¬ 
oceanic radio tch^'j^ny. the coordination of factors 
which render prespnt-day t^phony so marvelously 


easy bear scarcely a trace of General Carty as a ere- 
ator of any essential new element. They are, however, 
almost as surely his creations as any of his earlier 
work. 

He analyzed the problems, picked out the essential 
elements to be attacked, mobilized just the right forces, 
provided the supplies by selling confidence in ultimate 
success to those who must provide the supplies and in¬ 
spired a sort of fanatic determination in those who 
looked on him as captain. 

Although primarily concerned with scientific, engi¬ 
neering and organization matters in the field of elec¬ 
trical communication and most of all in the well-being 
and reputation of the Bell System, General Carty 
looked upon the whole field of science as his hunting 
ground. Many of his closest friends were men of dis¬ 
tinction in fields of science far removed from those of 
electrical engineering or physics. Denied the privi¬ 
lege of any formal training in science he nevertheless 
acquired such an understanding in many fields of 
knowledge and research that masters there sought dis¬ 
cussion with him. 

Consideration of everything General Carty did 
shows always the same technique. Painstaking analy¬ 
sis of the problem; exact formulation of the questions 
to be solved; full consideration of every ascertainable 
obstacle, human or material, likely to be encountered; 
assembly of just the right forces and then when all 
was ready a feverish onslaught quite in contrast with 
the slow and methodical preparations. But no matter 
how feverish the attack once all was ready, there was 
never any lessening of meticulous attention to detail 
where he thought that detail important. This tech¬ 
nique he applied with infinite variations and shades to 
the material problems of electrical communication; to 
the delicate political problems involved in the daring 
attempt to demonstrate transatlantic telephony in the 
midst of the World War; to the essentially human 
problems of organization which created the perfect 
battalions which made the Signal Corps Reserve pre¬ 
eminent ; to his part in creating the National Research 
Council, or to making certain that the solemn cere¬ 
monies of the burial of the Unknown Soldier should 
be broadcast to expectant thousands across the conti¬ 
nent unmarred by accident. 

Who but General Carty would have realized that 
most probable cause of disaster in these august oexe- 
monies would lie in forgetfulness on the pari of the 
great participating personages under tiie emotional 
stress of the occasion t Or who but he would have 
known that insurance of sueoess lay in the little piece 
of carpet which he himself tadeed in exactly the 
plaee where each speaker was to stand! 

The lasting record of General Carty's character and 
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aduevemeuta is in the art of communication, of which 
for nearly fifty years he was an outstanding leader; in 
the citations by which a large number of great institu¬ 
tions justified their grants to him of honorary degrees 
or medals of distinction and in the archives of the De¬ 
partments of State of his own and other nations which 
conferred upon him high orders in recognition of ser¬ 
vices rendered in the cause of making this world a bet¬ 
ter place in which to live. 

To General Carty, science and the methods of soien- 
tiflo thought were never narrow things or things apart 
from the great problems of a fuller life. Nor were the 
great institutions and academies of science mere ma¬ 
chinery for putting the capstones of acknowledged 


success on recognized achievement. To him their 
raison d’etre was their unique opportunity for services 
It was in this light that he looked upon the National 
Academy of Sciences, an essentially undemocratic in¬ 
stitution in a democratic country. It was knowledge 
of this feeling which caused his associates to create 
there the medal which bears his name and of which the 
academy later made to him its first award. It was for 
him the most pleasurable and satisfying token of love 
and esteem which those associates could render since it 
gave assurance of enhanced opportunity to the acad¬ 
emy for lasting service. That he did not live to re¬ 
ceive the medal is a source of regret to his friends^ 
To him it mattered little. F, Jewett 


SCIENTIFIC EVENTS 


THE NATURAL HISTORY OF MOUNT 
EVEREST 

In view of the forthcoming Everest Expedition, a 
small selection of the specimens brought bock by the 
expeditions of 1921, 1922 and 1924 has been arranged 
at the British Museum (Natural History), South Ken¬ 
sington, to illustrate conditions upon the mountain. 
According to the London Timei, the general appear¬ 
ance of the upper ranges of Everest is excellently 
illustrated in a number of enlarged photographs. 
One of these shows how the high winds, even out¬ 
side the seasons of the monsoon, give rise to whirl¬ 
ing clouds of dry snow. The article in the Times 
continues: 

A sectional elevation showe the altitudes up to which 
various forms of life were found, and objects from every 
department indicate the peculiarities of the natural his* 
tory of the mountain. Beetles were found at a height 
of 16,500 feet, butterflies up to 17,000 feet, moths as far 
up as 18,000 feet Each of these specimens had its 
idiosyncrasies; the butterflies and moths clung with their 
wings to the mountain side against the high wind; the 
beetles stiffened out and rolled; and even the ants were 
remarkably torpid. 

The grasshoppers shown from the higher altitudes are 
all wingless, but are related, save for one endemic group, 
to winged varieties elsewhei^e. It is curious to note how 
much smaller were two specimens, within the same 
species, which were found at 10,000 feet, than two simi¬ 
lar examples from the 7,000-foot level Spiders wore 
found i^ove the snowline and up to 82,000 feet; they 
Bve, apparently, upon diminutive insects which them- 
eehes must exist on inconspicuous vegetable life. 

Sheep were found up to 20,000 feet on the borders of 
^e lichen-ione, but the highest recorded altitude to be 
reached by a mammal (20,100 feet) woe attained by the 
Boyle's pika or Wollaston’s pika (mouse-hare), of which 
a number are on view. 

In general, the fauna below 16,000 feet is of essen¬ 


tially the same type as that of the adjacent areas of 
Central and Southern Asia, while above 16,000 feet its 
afiOinities are predominantly Palearctic. The animals are, 
however, frequently of smaller size than their lowland 
relatives. The highest nesting birds were found at 
17,000 feet; finches were seen migrating at 81,000 feet, 
and choughs followed the climbers as high as they wont. 

The plants found on Everest include willows, prim¬ 
ulas, gentians, blue poppies and others known to West¬ 
ern gardeners. The short duration of the growing sea¬ 
son (three to four months), the exposure to wind and 
cold, the brightness of the light, the pressure of snow, 
the distance of water from surface, the scarcity of in¬ 
sects and the poorness of soil, however, all help to make 
plant life diificult. The plants on screes and cliffs have 
a very long, spongy taproot, enabling them to reach 
down to the moisture and to resist the movement of the 
loose stony material 

The Himalayan range is comparatively Recent, and 
reached its present form only in Pliocene times. Fossil 
ammonites from the 14,000-foot level of the Tibetan 
plateau show the creatures which formerly lived in the 
sea, which covered the site of the great range. Examples 
of Recent rocks were collected up to 27,000 feet. 

The exhibition, which has been arranged in the Insect 
Gallery by Dr. Anna B. Hastings and M. M. Burton, will 
remain open between six months and a year. 

FORESTRY PROGRAM FOR THE SOUTH¬ 
EASTERN STATES 

A FORBSTRT proffram designed to meet the needs of 

the eight southeas^n states has been adopted by the 

Southeastern Council according to an announcement 

made by Colonel J, W. Harrelson, director of the 

North Carolina State Department of ConservatioiL 

and Development. This program is given below. 

% 

I. Encouragement of teaching forestry in public 
•ehools and colleges and the development of an appre¬ 
ciation on the part of the general public of the benefita 
of forest conservation. 
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2. Spoedy extension of each state’s forest fire preven¬ 
tion and control system to include all forest lands need¬ 
ing systematic protection. 

3. Promotion of comprehensive economic surveys to 
provide for land-use Koning to 'designate areas best 
suited to agricultural development, private forestry and 
public forests. 

4. Development of a coordinated system of publicly 
owned forests, national, state and local, to be used for 
timber production, demonstriTtion of improved timber 
growing and fire control methods, wild life conservation, 
public hunting grounds and recreation. 

5. Equalization of taxes so that forest property wiM 
not carry a greater burden, in proportion to its value, 
than do other classes of property. 

6. State-wide assistance to landowners in the handling 
of their forestry problems. 

7. Encouragement of reforestation of idle and eroding 
lands by maintaining state forest tree nurseries to pro¬ 
vide suitable planting stock. 

8. Extension of Investigations by federal forest ex¬ 
periment stations and suitable state research agencies 
upon the various subjects fundamental to economic han¬ 
dling of forest lands. 

9. Speedy extension to the entire southeast of a sur¬ 
vey inaugurated under the McNary-McSweoney Act to 
supply information now woefully lacking as to the pres¬ 
ent quantity and condition of standing timber, its rate 
of growth and rate of depletion and market demands for 
the several types of timber. 

10. Becognltiou by the Federal Government of land- 
owners engaged in the practice of forestry as eligible 
for the same loans, assistance, grants and privileges as 
are accorded to the producers of other crops that spring 
from the soil. 

THE WISCONSIN ALUMNI RESEARCH 
FOUNDATION 

A PATENT on another important scientific discovery 
which will aid in the restoration and protection of 
health has ^een assigned to the Wisconsin Alumni Re¬ 
search foundation at the University of Wisconsin, ac¬ 
cording to an announcement made by Dr. Harry L. 
Russell, director of the foundation. 

A broad basic patent on inorganic compounds of 
iron and copper for the prevention and treatment of 
anemia has been granted to Professor Edwin Bret 
Hart, of the department of agricultural chemistry, 
University of Wisconsin, and has been assigned to the 
foundation, becoming one of a number of health-giv¬ 
ing discoveries controlled by the foundation in the in¬ 
terests of public welfare. Among the most important 
of these discoveries is Professor Harry D. Steenbock’s 
process for imparting the health-giving vitamin D 
properties to food. 

The latest patent assigned to the foundation covers 
various aspects of Professor Hart's discovery of the 
effect which copper has on unlocking the therapeutic 
powers of iron in restoring proper hemoglobin content 


to the blood of anemia patients. Professor Hart made 
his discovery in 1928 after three years of research and 
the patent application has been pending since that 
time. 

The foundation has obtained patent control of the 
discovery, Dr. Russell explained, in order to insure 
the therapeutic presentation of the compounds in ac¬ 
cord with the proper formula. This control is gained 
through a system of granting licenses for the use of 
the discovery and other patented articles, and thus the 
foundation is able to make available these discoveries 
to the public, while at the same time protecting the 
public from fraudulent and unchecked exploitation of 
uncontrolled commercial use. 

Professor Hart's experiments showed that iron, long 
accepted as beneficial in some cases of anemia, re¬ 
quired the addition of copper as a catalytic agent, and 
that *^iron" which proved actively useful in treatment 
of anemias contained traces of copper as a contam¬ 
inant. The research was narrowed to a study of inor¬ 
ganic materials when vegetable and animal tissues 
were burned to an ash before being fed and the cata¬ 
lytic properties were found to persist. The blue ap¬ 
pearance of such ash led to successful experiments 
with copper. 

Rabbits, chicks and rats developed severe anemia 
when placed on an exclusive diet of milk, a food nat¬ 
urally deficient in copper, but they evidenced rapid 
hemoblogiu improvement to normal when minute 
quantities of copper were introduced in their foods. 

In application to a hundred cases of secondary 
anemia in children, it was found in a New York hos¬ 
pital that the administration of copper and iron to¬ 
gether increased the hemoglobin content from 64 per 
cent, to 84 per cent, in four weeks. The red blood 
cells gained in numbers accordingly. The appetite 
of the children treated improved materially, and they 
gained in alertness, weight and color. The copper- 
iron preparation was mixed with their milk or other 
foods which it was found neither to discolor nor to 
alter in taste. 

THE PACIFIC DIVISION OF THE AMERICAN 
ASSOCIATION FOR THE ADVANCE¬ 
MENT OF SCIENCE 

By invitation of the University of Utah, the seven¬ 
teenth annual meeting of the Pacific Division of the 
American Association for the Advancement of Sci¬ 
ence and associated societies will be held in Salt Lake 
City. The period June 12 to 15, 1933, has been ap¬ 
proved for the meeting. Up to the present time the 
following societies have announced their intention to 
participate: 

American Association of Economic Entomologists, Pacific 

Slope Branch. ChairTnaUf Program Committee i Q. 

1. Beeves, University of Utah, Salt Lake City. 
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Ajnerlcaa Chemical Society, Pacific InterBectional Divi¬ 
sion. Chairman, Program Committee: C. B. Km* 
ney, University of Utah, Balt Lake City. 

American Physical Society. Local Secretary for the 
Pacific Coast: Leonard B. Loeb, University of Cali¬ 
fornia, Berkeley. 

American Phytopathological Society, Pacific Division. 
BeoTeiaty: B. A. Budolph, Boute 1, Box 232, San 
Jose. 

American Society of Ichthyologists and Herpetologists, 
Western Division. Secretary: L. £. Grifi&n, Bead 
College, Portland, Oregon. 

Astronomical Society of the Pacific. Secretary: C. H. 
Adams, 606 Merchants Exchange Building, San Fran¬ 
cisco. 

Botanical Society of the Pacific, Pacific Section. Sec- 
retary: George B. Hill, American Smelting and Be- 
fining Company, Salt Lake City. 

California Academy of Sciences. Secretary: Susie H. 
Peers, Golden Gate Park, San Francisco. 

San Francisco Aquarium Society. Secretary: Mrs. 
Ethel Seale, Steinhart Aquarium, Golden Gate Park, 
San Francisco. 

Society of American Foresters, California and North Pa¬ 
cific Sections. Secretary: H. L. Person, University 
of California, Berkeley. 


Society for Experimental Biology and Medicine. Secre- 
tary: M. L. Tainter, Stanford Medical School, San 
Francisco, 

Utah Academy of Sciences. Seoreiary: Vasco M. Tan¬ 
ner, Brigham Young University, Provo. 

Western Society of Naturalists. Secretary: E. G. Mo- 
berg, The Scripps Institution, La Jolla, California. 
Western Society of Soil Science. Secretary: E. E. 
Thomas, Citrus Experiment Station, Biverside, Cali¬ 
fornia. 

Members wishing to present papers before any of 
the scientific sessions are asked to submit the titles of 
their communications to the secretary or program 
chairman of the appropriate society. Alternatively, 
titles may be sent to the office of the Pacific Division- 
Members of non-participating societies desiring to 
present papers are cordially invited to do so. A title 
submitted to any of the above will be placed upon the 
program of the society most suitable to receive it. 

A preliminary announcement containing general in¬ 
formation about the meeting will be distributed late 
in March. The program containing titles of all com¬ 
munications will be mailed about June 1. 


SCIENTIFIC NOTES AND NEWS 


Dr. H. Spencer Jones, astronomer at the Cape of 
Good Hope Observatory, has been appointed astrono¬ 
mer royal at the Royal Observatory, Greenwich, in 
succession to Sir Frank Dyson, who on reaching the 
age of sixty-five years will retire from the public 
service on February 28. Dr. Jones was chief assistant 
at the Greenwich Observatory from 1913 to 1923. 

Dr. Paul D. Foote, director of research of the Gulf 
Oil Companies and lecturer at the University of Pitts¬ 
burgh, was elected president of the American Physical 
Society at the recent Atlantic City meeting. He suc¬ 
ceeds Dr. W. F. G. Swann, director of the Bartol Re¬ 
search Foundation of the Franklin Institute. 

A SOUND film presenting Dr. William H. Welch 
speaking on ^^Reminiscences of the Early Days of the 
Medical SchooF’ will be shown at the Rockefeller In¬ 
stitute for Medical Research, New York, at four 
o’clock on January 18. Admission is by invitation. 

Db. Emil Abtin, professor at Hamburg, and Dr. 
Emmy Noether, professor at Gottingen, have been 
awarded the Aokerman-Teubner Memorial Prize, Leip¬ 
zig, for research in mathematics. 

Db. B. S. Babsler, head curator of the department 
of geology of the U. S. National Museum, has been 
elected an honorary member of the Society of Natural 
History of Tartu, Esthonia, in recognition of his work 


on the geology and paleontology of that country pub¬ 
lished as a museum bulletin some years ago. 

The British Medical Journal reports that the Dr. 
Sophie A, Nordhoff-Jung Cancer Prize for the best 
work in the field of cancer research in recent years 
has been awarded to Professor Max Askanazy, of the 
University of Geneva, in recognition of his experi¬ 
mental research work and his critical presentation of 
larger and general problems in the same field. The 
commission of award was composed of Professors 
Borst, Doederlein, von Romberg and Sauerbruch. 

We learn from Nature that the Hopkins prize for 
the period 1924-27 has been awarded by the Cam¬ 
bridge Philosophical Society to Professor G. I. Taylor, 
Yarrow research professor of the Royal Society, for 
bis researches on hydrodynamics and on the deforma¬ 
tion of crystals; and the prize for the period 1927-30 
to Professor P. A. M. Dirac, who was recently elected 
Lucasian professor of mathematics in the University 
of Cambridge, for his researches on the theory of 
quantum mechanics. 

At their meeting at Atlantic City on December 27, 
the trustees of the Mathematical Association of Amer¬ 
ica awarded the Chauvenet Prize of $100 to Professor 
G. H. Hardy, of the University of Cambridge, En¬ 
gland, for his paper entitled “An Introduction to the 
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Theory of Numbers/’ whieb appeared in the Bulletin 
of the American Mathematical Society, Yol. 35 
(1929), pages 778-818. This prize is awarded every 
three years for the best expository paper on a mathe¬ 
matical subject published in English by a member of 
the Mathematical Association. The award covered the 
triennium 1929-31. 

On the occasion of the seventieth birthday of Em¬ 
manuel de Margerie, the French geologist, thirty-seven 
American geologists united in sending him a message 
which included the following: **A few of your Amer¬ 
ican friends and colleagues take this occasion to send 
you greetings from across the sea. We are mindful 
of your scholarly acquaintance with the literature of 
American geology; we appreciate your generous in¬ 
terest in the scientiho studies of your American col¬ 
leagues ; and we recall with peculiar pleasure the days 
when you brought to this country the rich fruits of 
your ripe experience. And so we gladly join in send¬ 
ing you afl’ectionate greetings, and our cordial wishes 
for many more years of health in which to enjoy both 
your own scholarly pursuits and the high honor and 
esteem in which you ore held throughout the world.” 

Db. CiiAULKS SiKQKB, of the University of London, 
who went to California as Herzstein Lecturer in Medi¬ 
cine in 1930, and who has been professor of the his¬ 
tory of science for the past year, has left San Fran¬ 
cisco for a trip around the world on his way to 
England. A farewell luncheon was given to Dr. Singer 
and Mrs. Singer at the Bohemian Club by the Cali¬ 
fornia Medical History Seminar, with Dr. Chauncey 
D. Leake, professor of pharmacology at the Univer¬ 
sity of California Medical School, presiding. 

In recognition of the work of Dr, Louis E. Wise in 
the department of forest chemistry at the New York 
State College of Forestry, Syracuse University, a 
hand-illumined copy of a resolution by the faculty of 
the college has been signed by each member and for¬ 
warded to him. Dr. Wise, who had been professor of 
forest chemistry at the college since 1919, resigned on 
July 1 owing to illness. Through the action of the 
Board of Trustees, he retains his connection with the 
oollege as professor emeritus. His present address is 
Winter Park, Florida, 

Db. CoUiiBE Cobb, since 1893 professor of geology 
at the University of North Carolina, has retired from 
aotive service. 

Db. Jaubs a. Kbknbdy has been appointed director 
of the division of diagnostic laboratories at the Uni¬ 
versity of Boohester School of Medicine and Den¬ 
tistry. 

Db. Edward DfiXJCHANTT has been promoted to the 
professorship of neurology in the University of Colo¬ 


rado School of Medicine, Denver, succeeding the late 
Dt. Qeoige A. Moleen. 

Db. Henry S. Houghton, dean of the Medical Col¬ 
lege at the University of Iowa, has been appointed 
professor and associate dean of the division of the 
biological sciences at the University of Chicago and 
director of the south side clinics. Dr. Houghton 
assumed his post on January 1. As director of the 
clinics he will succeed Dr. Franklin C. McLean, who 
has become professor of physiology. Dr. Houghton 
will be associated with Dr. Frank E. Lillie, dean of 
the biological sciences, and will supervise the medical 
work of the various university hospitals and clinics. 

Dr. Reginald Fitz, associate professor of medioine 
at the Harvard Medical School, has been elected a 
member of the National Board of Medical Examiners. 

We learn from Museum News that Arthur C. 
Parker has resigned as dirootor of the Rochester Mu¬ 
seum of Arts and Sciences, effective December 31. The 
budget cut of the City Council reduced the museum 
appropriation to about $6,000, making impossible a 
continuation of the institution as an effective organi¬ 
zation. Mr. Parker was recently eommissioned by 
New York History, the official organ of the New Yoric 
State Historical Association, to write Manual of 
Museology for History Museums.” A consulting 
board has also been appointed to participate in the 
project. Its members include Clark Wissler, Hard- 
inge SoboUe, Robert W. Bingham, Alexander J. Wall, 
Julian P. Boyd and Stephen H. P. Pell. 

Qovbbnob a. Harry Moore, of the State of New 
Jersey, has appointed Dr. Robert P. Fischeiisi aeere- 
tary and chief chemist of the Board of Pharmacy of 
the State of New Jersey, a member of the State Edu¬ 
cational Survey Commission. The duties of the com¬ 
mission are to survey the educational system of the 
state and to propose recommendations for an essential 
program of modem education and methods of financ¬ 
ing it. The commission includes the State Commis¬ 
sioner of Education, a number of sehool superinten¬ 
dents and principals and a number of prominent lay¬ 
men, all of whom serve without pay. 

At the annual meeting of the Board of Direetors, 
which followed the annual meeting of the Natioual 
Committee for Mental Hygiene, the following officers 
were reelected: Honorary president, Dr. William H. 
Welch, of Baltimore; President, Dr. Charles P. Emer¬ 
son, of Indianapolis; Vice-Presidenta, President James 
E. Angeli, of Yale University; Dr. William L. Bus¬ 
sell, professor of psychiatry at the Cornell University 
Mescal College; Dr. Bernard Sachs, of New Toric; 
General Director, Dr. C. M. l^noks; Wed^ 

eric W. Allen, and Secretary, Clifford W. !BeeiS« Dr. 
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Airthtir H. Bngglea, of Providence, was reelected chair¬ 
man of the Soientiflc Administration Committee; Dr. 
Augustus Elnight, of New York, chairman of the Ex¬ 
ecutive Committee, and Mortimer N. Buckner, of New 
York, chairman of the Finance Committee. 

Da. Eookns Lindsay Ofie, professor of pathology 
at Cornell Medical College, and Dr. Louis Israel Dub¬ 
lin, vice-president of the Metropolitan Life Insurance 
Company, have been appointed Cutter Lecturers on 
Preventive Medicine at Harvard University for the 
academic year 1932-33. 

Ok. Francis H. Frassb, professor of medicine at 
the University of London, will give the third series of 
Abraham Flexner Lectures at Vanderbilt University 
School of Medicine, Nashville, during February and 
March. Dr. Fraser will lecture on “The Principles of 
Therapeutics” and will hold clinics under the auspices 
of the department of medicine. The Abraham Flex¬ 
ner Lectureship, founded at Vanderbilt in 1927 by Mr. 
Bernard Flexner, New York, is awarded every two 
years. Previous lecturers have been Dr. Heinrich 
Poll, director of the Institute of Anatomy, University 
of Hamburg, Germany, and Sir William Hardy, di¬ 
rector of the Low Temperature Research Station, 
Cambridge, England. 

The Rev. Jambs B. Macelwane, S.J., Dean of the 
Graduate School and professor of geophysics in St. 
Louis University, addressed the St. Louis University 
Sigma Xi Club on December 12 on “Some Results of ^ 
Recent Studies at the St Louis University Seismo- 
graphic Stations.” 

Db. Frederio H. Labee recently completed an ex¬ 
tensive trip made for the purpose of addressing vari¬ 
ous groups of members of the American Association 
of Petroleum Geologists, of which he is president. 
His itinerary included San Antonio, Los Angeles, San 
Francisco, Seattle, Calgary, Denver, Wichita, Okla¬ 
homa City and Tulsa. 

On the night of December 12, the geologists of 
OreBter Chicago met to dine together and to form the 
Geological Society of Chicago. After brief organiza¬ 
tion proceedings an executive committee was elected to 
direct later meetings. Professors Edson S. Bastin and 
John R. Ball spoke in ho^or of the late Professor U. 
S. Ghrant^ after which a resolution in memory of Dr. 
Grant was drafted and unanimously approved. The 
meeting was then addressed by Professor Warren J. 
^Mead, of the University of Wisconsin, on “The Hoover 
Some seventy men and women, representing 
industrial emnpanies, museums and universities of 
Greater Chicago, attended. 

The American Physical Society and the American 
Optical Society will meet at Columbia University, New 
Totk Oily, on Friday and Saturday, February 24 and 
26 . 


The annual general meeting of the American Philo¬ 
sophical Society will be held at Philadelphia on April 
20, 21 and 22, beginning at 2 p. m. on Thursday, April 
20 . 

The new research laboratory of Merck & Company, 
Rahway, New Jersey, will be dedicated on March 1. 
The structure, stalled in 1932, will house in the south 
wing laboratories for pure research in biochemistry 
and pharmacology while the north wing will be used 
for applied research. The central section will be used 
for offices of the directors of research, Dr. R. T. 
Major, director of pure research, and Dr. W. H. 
Engels, director of applied research. Dr, Joseph 
Rosin, technical director of the company, and his staff 
will work on the second floor, which will also house a 
library. 

Db. Walter M. Seward, of Brunswick County, 
Virginia, has left his entire estate, valued at approxi¬ 
mately $250,000, to the University of Virginia. 
Under the terms of his will, the lands and personal 
property bequeathed to the university will be used for 
“practical demonstrations in the art of forestry,” and 
“toward the maintenance and upbuilding of the school 
of forestry at the university.” 

By the will of the late William Boyce Thompson 
the American Museum of Natural History receives 
Colonel Thompson's jades and crystals, valued at 
$107,000, and in addition $20,000 to prepare quarters 
for the collection and $50,000 to maintain it and 
make additions. 

It is reported from Mexico City that the State of 
Oaxaca, with the aid of funds from the federal gov¬ 
ernment, will build a museum to house the relics un¬ 
earthed during the past two years by the Mexican 
archeological expedition directed by Professor Alfonso 
Caso. 

Nature reports that an addition of value has been 
made to the possessions of the Royal Society for the 
Protection of Birds in the Eastwood Nature Reserve, 
Stalybridge. The reserve, originally extending to 
about eight acres, was bequeathed by the Bight Hon¬ 
orable John F. Cheetham, together with £5,000 for its 
upkeep. To this has been added an adjacent four 
acres, with £500,"by a niece of the donor, Mrs. Wim- 
bush, of Taunton. The reserve is a beautiful ravine 
within the public park given by Mr. Cheetham to 
Stalybridge, and his wish that it should be kept in a 
natural state as regards fauna and flora will insure the 
continuance of a sample of wild nature in the heart 
of an industrial area. Already there is abundance of 
wild plants and unexpected variety of birds. 

The eighth oumnlative volume of the Readers’ Guide 
to Periodical Literature, covering the period from 
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January, 1929, to June, 1832, has been published by 
the H. W. Wilson Company of New York City. The 
index is issued monthly, the numbers are cumulated 
throughout the year and bound volumes are issued an¬ 
nually. These are then superseded by the permanent 
volumes. The Guide covers the complete contents of 
the periodicals that it indexes by subjects and authors. 
1,047 periodicals are indexed, including Science, 
School and Society and The Scientific Monthly. The 
first two of these are among nine weekly journals 
whose contents are selected as most worthy of perma¬ 
nent record and reference. 

The next award of the Alvarenga Prize, amounting 
to about $300, will be made on July 14,1033. Essays 
may be on any subject in medicine and should repre¬ 
sent an addition to the knowledge and understanding 
of the subject based on either original or literary re¬ 
search. The prize was not awarded in 1932. Com¬ 
munications should be addressed to Dr. John H. Gir- 
vin, secretary, 19 South Twenty-second Street, Phila¬ 
delphia. 

Accordino to the Journal of the American Medical 
Association, the Rumanian Academy of Sciences con¬ 
trols a fund, collected mainly from bequests, the inter¬ 
est of which, according to the wish of the testator, is 
awarded to the best literary works that have appeared 
during the year. The committee on awards has just 
finished reading the contributions for 1931, and out of 
the many awards the following were given for medical 
treatises: The Oroveanu prize of 70,000 lei has been 
awarded to Dr. Mina Minovici, professor of forensic 
medicine at the University of Budapest, for the second 
volume of his ‘^Manual of Forensic Medicine.” The 
Riegler 6,000 lei prize was awarded to Professor Peter 
Tomescu for his “Clinical Experimental Studies,” 


which will be shortly translated into German. The 
Adamachi prize was given to Dr. Valeriu Bologa for 
his work “The History of Scientific Medical Work in 
Rumania,” read in part at the recent International 
Congress on Medical History. The Constantinide 
prize was divided between Aurel Voina, lecturer at the 
University of Bucharest, for his treatise “Prostitution 
and Venereal Disease in Rumania,” and Drs. Staico- 
vici and Westfried for their monograph dealing with 
public health affairs of the city of Bucharest in the 
post-war years. 

A correspondent writes: “Cottonwood Cave on the 
Lincoln National Forest in New Mexico has been used 
for a goat shed for a great many years, also as a bait 
loft perhaps for thousands of years; consequently 
there are great deposits of guano in the bottom of 
the cave. As it is very rare that any water runs into 
the upper part of this oave, the deposit has become 
very dry. Presumably some visitor started a fire in 
the litter, not knowing that it would continue to bum. 
Judging from the distance it traveled, the fire had 
been burning for about three weeks when it was first 
discovered. At that time, the gas formed by the burn¬ 
ing nitrates was so strong that the party could not go 
down to the fire. However, when it was visited by 
Supervisor 0. Fred Arthur and Mr, Musgrave on 
September 24, the fumes were not bad except at the 
entrance to the cave. Fire guards were sent into the 
cave and put out the fire by packing water from a 
supply further down in the cave. An interesting 
phase of the fire was that the gas, evidently nitric 
acid gas, was so strong that it killed the leaves on oaks 
and maples at the mouth of the oave and about 200 
feet from the fire. At no time during the fire was 
there enough heat to kill these leaves.” 


DISCUSSION 


A FORGOTTEN EVOLUTIONIST 

On looking through the volumes of the short-lived 
Archiv fur Zoologie und Zootomie my attention was 
attracted to ah article (Bd. Ill, p. 167, 1802) entitled 
“Ueber den urspriinglichen Stamm des Menschenge- 
schlechts,” by D. Schelver. Being curious to see what 
the writer would say upon this topic in the year 1802, 
I discovered that the article contained a most interest¬ 
ing speculation on the probable original home of the 
human species and the source from which man was 
derived. Schelver takes issue with the then prevailing 
doctrine that man originated somewhere in south¬ 
western Asia, urging that we can not legitimately 
argue from the origin of culture to the origin of the 
human race. The natural place in which to seek for 


the origin of man, he argues, is the region in which 
the most primitive men are living at the present time. 
Basing his conclusion on a number of anthropological 
characteristics, as well as cultural development, 
Schelver contends that the Negroes are the most primi¬ 
tive members of the human family, and that Africa 
must, therefore, have been the original cradle of the 
human race. But whence the Negroes f The Negroes, 
however, are far from representing th6 original an¬ 
cestors of men. They have progressed far, both cul¬ 
turally and structurally, from the original human 
beings. It is no mere coincidence, according to 
Schelver, that Africa is the home of both the Negroes 
and the anthropoid apes. But man can not be derived 
from any existing species of anthropoids. “I ahall 
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not asseirt/' says Schelver, '^that th« original natural 
man (Naturmensoh) came from any species of ape 
at present known, because I can not support this by 
positive proofs; and since we know quite as little of 
the original source of the apes, as of the human 
family, the apes may represent a degenerate branch 
of the original stem of the human species. I am 
acquainted with no distinguishing characteristic, how* 
ever, which sharply separates the apes from human 
beings.” 

“ . . . The bodily nature of the human race must, 
in its origin, completely integrade with that of ani* 
mals, and it is not improbable that, for example, we 
may discover hairy quadrupeds with the capacity for 
becoming human beings. ... As to lowly origin, man 
is clearly worthy of all the more honor the lower the 
creatures from which he was descended.” 

Language, says Schelver, is a product of culture. 
^^Der mensch hat sie erfunden, selbat geschaffen.” The 
linguistic shortcomings of the apes, it is suggested, 
may be associated with the possession of vocal sacs 
which may, as was suggested by Sbmmering, act as 
an impediment to the imitation of sound. These sacs 
are lacking in man, who, on the other hand, has an¬ 
other organ in a somewhat similar position, namely, 
the thyroid gland, which is stated to be absent in the 
apes. At any rate, the thyroid was not mentioned 
by Camper, and Schelver remarks that it could 
scarcely have escaped being noticed by so attentive 
and accurate an observer. Since the apes have vocal 
sacs, which man has not, and since man has the 
thyroid, which Schelver is persuaded is absent in the 
apes—“aber so viel mir bekannt ist,” ho cautiously 
adds—the hypothesis is advanced that the mysterious 
thyroid, whose function was so long sought for in 
vain, might represent the degenerate vocal sacs of the 
anthropoids. This conclusion is supported by certain 
statements concerning the outlet of the thyroid, which 
rest upon no better foundation than the alleged ab¬ 
sence of this organ in the apes. That Schelver should 
have been led astray in his attempt at homologizing is 
quite natural when one considers the facts at his dis¬ 
posal. The point of chief interest is that the attempt 
was made at all. 

What caused the human and anthropoid stems to 
diverge is a problem for which Schelver has no solu¬ 
tion to offer. While his evolutionary concepts have 
much of the vagueness that characterizes the specula¬ 
tions of the earlier transformiste, it is clear that he 
regards man as having a common origin with the 
higher apes, and that the higher types of animals ^e 
derived from lower ones, as is indicated by his refer¬ 
ence to the genealogical table of organic life, **der 
Siammiafel der gaiuen lebenen Schopfung, ... die 


hie an dae erete punctum ealiena allee Lebene eurUck- 
fiihret.*^ 

S. J. Holmes 

University or California 

A VICIOUS CIRCLE IN CYTOLOGY 

The existence of rings and sometimes strings of 
chromosomes has been known for a number of years 
and apparently first attracted marked attention in 
the ease of the genus Oenothera. This genus is par¬ 
ticularly unfavorable for cytological investigation on 
account of the extremely small size of its nueleL It 
has accordingly been unsuitable for working out the 
fundamental signihcance of ring formation. Much 
more suitable material for such investigations is sup¬ 
plied by the monoootyledorious family Tradescantiae, 
which have been investigated by various American and 
European cytologists. The conclusion has been 
reached that the rings of chromosomes, where they 
occur, are series of univalents which have more or 
less become confused with one another and pass over 
to opposite poles in approximate alternation at the 
metaphase of the reduction or meiotic division. Un¬ 
fortunately, this statement is palpably incorrect. Ap¬ 
parently it is due to the study of the material by 
means of excessively thick sections or by the smear 
method. Both of these procedures have the fault of 
obscuring important details. The situation in the case 
of the Tradescantiae has been studied by means of 
ilia sections appropriately developed by approved 
methods of staining. It has become clear in this con¬ 
nection that the so-called synaptic mates are actually 
present in Tradescantia as normally elsewhere and 
that they present clearly the phenomenon of ebi- 
asmotypy, a phenomenon to which, by the way, 
apparently an entirely disproportionate amount of 
attention has been given in recent years. The 
pairs of chromosomes become somewhat indistinct 
in the pachytene stage which follows the advent of 
pairs. This is a common phenomenon at pachy¬ 
tene and it is amazing that it has not been noticed 
in this instance. The whole situation, in fact, 
suggests a surprising superficiality on the part of 
certain observers which is in marked contrast to the 
large claims which they have made on the attention of 
cytologists in general. It is quite obvious that in 
Tradescantia virginiana, for example, the process of 
meiosis follows perfectly that which is not uncommon 
in hybrids. The apparent serially arranged, miscalled 
univalent chromosomes represent in reality a seg¬ 
mented pachytene in w^hich the synaptic pairs are 
lined up, back to back. This view of the matter bar- 
monizes further with the observations of Hakansson 
on hybrid Qodetias. Here he noted, while the species 
showed little or no so-called ring formation, that in 
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contrast this oondition was quite often oharaotemtio 
of the hybrids between species. Muentsing (1932) 
baa more recently called attention to the same tendency 
in hybrids. There seems to be little excuse for the 
errors of those who have worked on the cytology of 
ring formation in the case of Tradeooantiae. In the 
species of Oenothera, however, and in the Onagraceae 
in general, the formation of pairs in connection with 
meiosis is very obscure and their separation can in 
general only be clearly made out at the actual meta- 
phose. The rings and strings in species of Oenothera 
are also nothing more than persistent pachytenes 
which become distributed as such to the metaphase 
plate. It is obvious, if the statements made here are 
well founded, that the results obtained by Belling, 
Darlington and Sax in regard to ring formation are 
without sound foundation in fact. 

E. C. Jepfeby 

TWISTED TREES AND THE SPIRAL HABIT 

Th£ behavior of organisms is determined by the 
physical and chemical nature of their protoplasm and 
by their environment. The relative importance of 
hereditary material and environment has long been, 
and probably ever will be, a controversial subject. 
This is true because both factors always play a part, 
sometimes one and sometimes the other having the 
predominant influence. There is also the very natural 
tendency of an investigator to attach more signifl' 
canoe to the point of view represented by his field of 
work. A student of protoplasm or of genetics will 
see in heredity a greater influence, and the ecologist 
will lay emphasis on environment, though the former 
must be aware of the fact that protoplasm has come 
to be what it is primarily because of environmental 
influences working through the ages. The relation¬ 
ship between hereditary reactions and developmental 
expressions is presented fully and well by Stockard.* 

It has occurred to me that a protoplasmic inter¬ 
pretation of the twisting of tree tnmlm might be a 
logical view of this interesting behavior concerning 
which there has been much dUoussion on the pages of 
ScnBNOHi.*-* Certain observers®* see in the prevail¬ 
ing direction of the wind an explanation of the twist¬ 
ing of tree trunks. Persistent winds might well 
bring about a twisting of the trunk, in support of 
which IB the fact that trees exposed to the wind often 
assume an oval shape. There is also the report that 
twisted trunks rarely occur in the heart of a forest.* 

Several years ago this subject was again brought to 
my attention by njy friend, Mr. Philip Sawyer, of 

i“The Physical Basis of Personality/' 1981. 

* ScuBMCK, February 18, 1931. 

* Ibid., March 27, 1981. 

4 Ihid., May 22, 1981. 

• Ibid., January 29, 1982. 

• Ibid., NovemW 4, 1982. 


New York, who told me of the twisted trunks of trees 
(conifers) along the trail up Mt. Audubon in Boulder 
County, Colorado. The d^ree of twist varied con¬ 
siderably, from a very gradual one to a complete twist 
within a distance equal to twice the diameter of the 
tree. The clockwise twist was the more usual. The 
reverse twist was infrequent and occurred among the 
others. This last remark of Mr. Sawyer's increased 
my belief that tree trunks twist because of an innate 
tendency to do so and not because of environmental 
factors. I was, therefore, very much interested in 
the recent report by Herrick* on twisted trees in the 
forests of Louisiana. He examined 1,527 trees, of 
which 364 (23 per cent.) were straight grained, 811 
(53 per cent.) showed a right-hand twist, and 352 (24 
per cent.) showed left-hand twisting. He observed 
further the condition of the roots of 57 trees that 
had been uprooted. Of these, 31 (5 per cent.) showed 
twisting to the right, 7 (12 per cent.) showed left- 
hand twisting and 19 (33 per cent.) wore straight 
He adds that if prevailing winds were the cause it 
would be expected that the limbs on the one aide of 
a tree would twist in one direction and those on the 
opposite side would twist in the opposite direction. 
Actually, however, the limbs of any one tree always 
twist in the same direction. Herrick, therefore, con¬ 
cludes that as there is both right and left-hand twist¬ 
ing in tree trunks of the same locality, and as the 
twisting of limbs is in the same direction on all sides 
of the tree, and as roots also show twisting, winds can 
not be the cause. Mr. Laurence Moyer adds the old 
apple tree as another common example of tree trunk 
twisting. 

It is the purpose of the present paper to suggest 
that the twisting of tree trunks is but one mamfesta^ 
tion of a wide-spread tendency in organisms to grow 
and move spiraUy, a tendency due to a heritable 
protoplasmic quality and not to environmental factora. 

The formation of spirals is not limited to living 
things. Crystals show both right-hand and ]eft-hand 
growth. The precipitation of salts in gels, which goes 
by the name of the Ldesegang phenomenon, is ordi¬ 
narily rhythmic, resulting in the production of con¬ 
centric rings, but occasionally a perfect spiral is pro¬ 
duced, for which there is no adequate explanation. 
Organisms, from the lowest to the highest, give 
various indications of a spiral habit. Schaeffer^ re¬ 
ports that Amoeba travels in a spii^al when movix^ 
along a thin glass rod or within a fine capillary tube. 
The spiral may be to the right or to the l^t for valu¬ 
ing le^hs of time, and may alternate frequently, al¬ 
though a species is predominantly to the left or to the 
light The shells of molluaks are striking examples 
of the spiral habit in organisms. Both Mr. Sawyer 
and my ooUeagne Dr. Zirkle reminded me of this 

T ScoKCi^ July 10,1981. 
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faot Ths flhelk of Nautilus and Triton are examples; 
esperially fine are the long, oomueopia-like spiral 
eh^ of Tefebfa ocvXata, Further inquiry brought 
from Dr, H. E, Crampton the interesting observation 
eea snails in the South Pacific show both right- 
and left-hand twists, the latter being infrequent, 
Schaeffer* has carried his observations on spiral 
movement in organisms to man, whom he regards as 
a spirally twisted right organism. This is true not 
only of the movements of man but of body structure 
as well. The gall-duct is the most conspicuously 
spirally twisted unpaired organ in man, and it is a 
right spiral. There are numerous other examples of 
spirally-twisted organs in animals. As for movement, 
when man is blindfolded he walks in a right spiral. 
(In this connection there is the old saying that hunters 
when lost in the woods walk in circles to the right, 
the circle getting smaller and smaller, i.s., man walks 
in a spiral. One wonders if the habit which dogs 
have of turning round and round before finally 
settling down for a nap, is another manifestation of 
the spiral tendency in organisms.) Spiral walking in 
lyiiiTi ifi also regarded as due simply to the fact that 
most people are right-leggfed, as they are right-handed, 
which results in walking in a curve. But the ciirve 
is most often to the right, while right-leggedness 
should, it would seem, produce a loft spixaL How¬ 
ever, right-leggedness is a possible cause of spiral 
walking in man, which, if true, eliminates but one of 
the many examples of the spiral habit in organisms. 

The spiral structure of trees is duplicated in the 
most delicate of plant cellulose parts, namely, the 
cotton fiber. Titus and his ooworkers® report such a 
structure for the cotton fiber, Denham'® enumerates 
four distinct classes of spirals in cotton fibers. The 
structure does not always proceed in the same direc¬ 
tion but suffers more or less regular reversals. Balls" 
has presented a number of papers dealing with the 
twisting of cotton fibers. He states that reversal from 
dexter (right) to sinister (left) spirals occur in the 
same fiber. Causation of the reversals is physiological 
(f.e.>, protoplasmic). Ordinary environmental influences 
do not affect the statistical peculiarities of the re¬ 
versals. The spiral habit m plants is further illus¬ 
trated by the tight wrapping of tendrils and of vines. 
Two vines may twist around each other and ^ve ^ 
perfect an example of spiral wrapping as exists in 
the artificial woxmd fibers of a rope. It appears, 
tifcerefore, that the tendency toward spiral growth 
is IU3 characteristic of the cellulose framework of 
plants as it is of the parts of animals. The spiral 
twisting of cotton fibers is convincing evidence that 


the twisting of tree trunks is an innate heritable propr 
erty, and ^ on environmental effect. 

The evidence presented here indicates that spiral 
development among organisms is the expression of a 
wide-spread tendency which is protoplasmic in origin. 

'WiiiiiiAM Seiitriz 

UmviEerrT or Pennsylvania 

THE EXTINCT LAKE SAN AUGUSTIN, 

NEW MEXICO 

A SEMi-AHiD basin in western New Mexico, known 
as the San Augustin Plains, has been described by 
Bryan as an old lake basin.^ To this extinct body of 
water ho has given the name Lake San Augustin. 
Field work by the writer during the summer of 1932 
not only supports Bryan’s view, but has yielded de¬ 
tailed information on the extent and characteristios 
of this ancient lake. 

The San Augustin basin lies in western Socorro 
and eastern Catron Counties, and is bordered on the 
north by the Bear, Gallinas and Datil Mountains; on 
the west by the Tularosa Mountains; and the south 
by a mountainous belt, including the 0 Bar 0, Pelona 
and Tncra Mountains; and on the cast by the Mag¬ 
dalena Mountains The basin is 60 miles long from 
northeast to southwest, and has a maximum width of 
about 20 miles- During the raby season (July and 
August) ephemeral streams make their way from the 
mountains across broad alluvial slopes to two playas, 
•the larger and westernmost of whi^ is called locally 
the San Augustin Plains, and contains the lake basin 
herein described. 

T.iiir« San Augustin at its highest stage was about 
32 miles long by 11 miles wide, with a surface at 
about 6,940 feet A. T. The lowest point in the basin 
is 6,776 feet A. T., and thus the greatest depth of the 
lake was about 164 feet. The shore lines of this end 
all the lower stages are strikingly marked by shingle 
beaches, spits and bay head bars, and by cliffs devd- 
oped both on rocky mountainsides and on alluvM 
fans. These shore features form a descending senes 
that indicates many lake stages, the details of which 
are yet to be worked out from a study of the field 
notes. At its highest stage Lake San Augustin was 
connected by a small channel with a basin farther 
as yet unstudied, that probably drained into 
San Augusti£. At all the lower stages Lake 
San Augustin had no possible outlet, and its waters 
must have been depleted by evaporation and nnder- 
gronnd seepage. 

The highest beach has a constant altitude on all 
s Mes of the playa, and thus gives positive evidence 
no .jiffai-Antisl earth movements have oeourred 


» Jew. Mwph. md Pkyiiol., p. 894, 1928, 
• Jour. Ch*».» 9i 1^1®*** 

TesWle Intt., 14 : 8W, 1®®*’ 
iijPrcM}, J2oy. 80 C; Liondon, W): 180, 1926. 


iKirk Bryan, '‘Ground Water Eeconnaissance in So¬ 
corro Cfounty, Now Mexico,Seventh Biennial Beport of 
the State Engineer, pp. 82-83, 1926-86. 
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here since the formation of this beach. The beaches 
can be traced across all the larger alluvial fans sur¬ 
rounding the playa, and thus show that these fans 
were formed b^ore the lake existed. Subsequent fan 


development has been feeble. The lake is believed to 
have existed in the last (Wisconsin) glacial stage. 
Dkpabtmeict or Geoiogt William E. Powbrs 
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Faraday^s Diary, Vols. I and II. Edited by Thomas 

Martin^ M.Sc., and published by order of the Man¬ 
agers of the Royal Institution of Great Britain, 

with a Foreword by Sir William H. Bragg, O.M., 

K.B.E., F.R.S. G. Bell and Sons, Ltd., London. 

After Faraday's death the Royal Institution re¬ 
ceived as a bequest from him a manuscript record 
containing an account of the experimental work which 
had been done by him in the years from 1820 to 1862. 
This record the managers of the Royal Institution 
decided to publish as a fitting memorial of their most 
distinguished director. When the publication is com¬ 
plete there will be seven volumes, of which two are 
now at hand, and the others may be expected within 
two years. Only 760 copies of the work will be issued, 
and these will be sold in sets. The price of a set is 
twelve guineas. 

The task of editing this work was undertaken by 
Thomas Martin, M.Sc., general secretary of the Royal 
Institution. It has been admirably performed. So 
far as one can judge without comparison with the 
original manuscript, the transcription of the text has 
been carried out with accuracy. The peculiarities of 
spelling and the abbreviations used by Faraday have 
been retained, and obvious errors have been noted, with 
proper reference to the editor. The diagrams and 
sketches with which the manuscript abounds have been 
with great judgment and good taste removed from the 
body of the text and inserted either on the wide ex¬ 
terior margins of the pages or at the bottom below the 
letterpress In the latter case the paragraphs to 
which the diagrams pertain are indicated. The result 
is that, while the diagrams are immediately available, 
the text can be read with continuous comfort. An 
extensive table of contents is prefixed to each volume, 
and references are made in it to Faraday's published 
papers in which the matter of the text has been incor¬ 
porated. An index or synopsis of the whole work is 
promised for the last volume of the set. The books 
are beautifully printed, in excellent legible type, on 
wide pages, with large margins, and are well bound. 
The publishers, Messrs. G. Bell and Sons, Ltd., should 
be congratulated on their contribution to the value of 
the work. 

Faraday's first scientific paper was published in 
1816, at a time when, as he says of himself, his fear 
was greater than his confidence, and both far greater 
than his knowledge; at a time also when he had no 
thought of ever writing an original paper on science. 


The favorable reception given to it emboldened him 
to undertake other researches in the time that was left 
him after the many duties of his position as assistant 
in the laboratory had been performed. After a few 
years he evidently felt that he would be able to carry 
on research in a sufficiently consecutive way to make 
regular entries of his experiments advisable, and in 
September, 1820, he began the notes of his work which 
ended only with the close of his scientific activity, 
forty-two years later. They present a complete record 
of the experiments which he carried out in the labora¬ 
tory of the Royal Institution. The only important 
things which he did which do not appear there are 
his studies of alloys of other metals with iron and 
steel, carried out by him in collaboration with Mr. 
Stodart; his researches on the manufacture of glass 
for optical purposes; and the work which he did for 
nearly thirty years as scientific adviser of the Trinity 
House, for the improvement of the lighthouse service. 

As was to be expected of an assistant of Sir Hum¬ 
phry Davy, Faraday was first interested in chemistry. 
With the exception of the invention in 1821 of appara¬ 
tus to exhibit electromagnetic rotations, most of the 
entries for the first ten years are concerned with 
chemical matters. They record the experiments which 
led to the discovery of two compounds of chlorine 
with carbon (1820), they describe the liquefaction of 
chlorine and other gases (1822); and they present the 
long series of observations which led to the isolation of 
benzene from coal oil (1825). Many other observa- 
tions are recorded which led to nothing or to results 
of minor importance. In 1831 appears the first study 
—^with the exception noted above—of a purely physi¬ 
cal subject, the vibrations of plates and the formation 
of Chladni's figures. 

From time to time in these years Faraday had evi¬ 
dently had in mind the possibility of an inductive 
effect produced by an electric current in a neighbor¬ 
ing conductor. On December 28, 1824, he tried the 
experiment of bringing up a strong magnet to a wire 
carrying a current, with the expectation that the cur¬ 
rent would be thereby modified; but no effect was 
shown on a magnetic needle placed under a distant 
part of the circuit. On November 28,1825, he looked 
for a current in a wire set paraUel to another wire 
carrying a current, but could perceive no action. 
Again on April 22, 1828, he endeavored to find an 
effect produced by a magnet pushed through a ring 
of copper wire» with no result Why some of these 
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experiments failed it is not easy to determine, unless 
it was that Faraday was looking for a steady effect, 
produced so long as the arrangement was maintained, 
and so either did not look for or did not notice the 
momentary effects produced while the magnet was 
moving or when the primary current was closed or 
broken. That this explanation is the true one may be 
supported by an entry made on August 29, 1831, the 
day on which his first successful observations of elec¬ 
tromagnetic induction were made: “Hence effect evi¬ 
dent but transient; but its recurrence on breaking the 
connection shews an equilibrium somewhere that must 
be capable of being rendered more distinct.’’ 

The course of Faraday's progress in the discovery 
of the induced current was entirely different from that 
of his exposition of the discovery in bis “First Series 
of Eesearches” read before the Roystl Society on 
November 24, 1831. His flrat successful observation 
was made with an iron ring wound with two coils of 
wire, one of which was joined with a galvanometer, 
the other to a battery. When the battery circuit was 
made or broken, a temporary current appeared in the 
galvanometer. This experiment is the same as that 
reported by Joseph Henry as made by him before he 
had any knowledge of Faraday’s method. On Sep¬ 
tember 24 Faraday records his obtaining the induced 
current in a coil wound around an iron bar when the 
ends of the bar were in contact with the opposite 
poles of two bar magnets and the other ends of these 
magnets were brought together or separated. “Here 
distinct conversion of Magnetism into Electricity.” 

The first record of an induced current produced in 
a circuit by making or breaking a current in a neigh¬ 
boring circuit “without the presence of iron” was 
made on October 1. It was not until October 18 that 
this effect was confirmed not only with the galva¬ 
nometer but by using the induced current in a helix 
to magnetize needles. This observation is the one with 
which Faraday begins his exposition. 

The observation described by him in ^8 of the pro¬ 
duction of the induced current in a circuit made in 
the shape of a large W, to which another similar cir¬ 
cuit carrying a current was moved up or from which 
it was removed is not recorded in the diary until 
December 26. This note is evidently misdated, for 
the observation recorded in it is described in the paper 
of November 24, and in the following paragraph it is 
ti^en as evidence of the existence of an eleotrottroic 
ctate, a hypothesis which Faraday abandoned in his 
Bakerian Lecture, dated December 21. These two 
paragraphs belong somewhere in October, if the course 
of Faraday’s thought can serve as a guide. 

Volume I closes with this discovery and its elabora¬ 
tion. Faraday evidently felt that he was justified in 
expecting to succeed in obtaining other important 
mults, for he published this work as his “First Series 


of Experimental Researches in Electricity” and began 
numbering the paragraphs consecutively. In the new 
folio volume of the diary which he opened on August 
25, 1832, he also introduced this consecutive number¬ 
ing of the paragraphs, which is continued until March, 
1860. 

Volume II opens with the record of many experi¬ 
ments made to show the identity of electricity from 
different sources. Most of the volume is taken up 
with the study of electrochemical decomposition, which 
led to the discovery of the laws of electrolysis. In 
October, 1835, Faraday left this subject for a while 
to study the phenomena presented by the induction of 
a circuit on itself. In this he had been anticipated 
by Joseph Henry. Before the close of the year he 
started work on electrostatic induction and the electric 
discharge, the result of which was his proof of the 
equality of the positive and negative charges and his 
discovery of specific inductive capacity. Volume II 
closes before the account of these researches is com¬ 
plete. He also for a while reverted to chemistry by 
the examination of the properties of finorino. 

With the work on electrostatic indnetion closes what 
Dr. Bence-Jones calls the first period of Faraday’s 
experimental researches. He had for some time been 
weary and oppressed with giddiness and loss of 
memory, and shortly after this work was done he was 
forced to give up his studies altogether and rest. The 
famous discoveries of the magnetic rotation of the 
plane of polarized light and of diamagnetism, which 
were made after he returned to work, together with 
his speculations and philosophical views on the action 
of the medium in maintaining and determining the 
magnetic and electric fields will appear in the later 
volumes. The two now issued contain a large part 
of Faraday’s experimental achievements. 

It is interesting to notice that he tried (May 2, 
1833) to obtain an effect on a beam of polarized light 
by passing it through an electrolyte which was trans¬ 
mitting a current, and also (May 6, 1833) by passing 
the beam through a piece of his borate of lead glass 
while it was in a strong electrostatic field (the Kerr 
effect), but with no positive results. He also (Sep¬ 
tember 19, 1833) observed the same effect as that 
afterwards applied in the Groves’ gas battery, without 
appreciating its nfeaning. Probably other hints of 
future discoveries could be found by a careful study 
of his records. 

On a general view of these volumes one is struck 
with Faraday’s astonishing industry. This is espe¬ 
cially noticeable in the earlier years covered by the 
record. The number of chemical experiments made 
in one day while he was studying the eomponnds of 
chlorine, involving heating the mixtures and measur¬ 
ing the volumes of the gases produced from them, is 
amazing. Perhaps the most striking example is given 
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by the two days (October 28, November 4, 1831) in 
which he experimented on electromagnetic induction 
at Mr. Chriatie’s with the great magnet of the Royal 
Society. On the first of these days be records no leas 
than 27 separate experiments, and on the aecond 29, 
many of which were tried over and over. The num¬ 
ber of teats made in one day with the electrolytic cells 
during his study of electrolysis in 1833 and 1834 is 
even more astonishing. 

The notes exhibit, even better than his published 
work, the marvelous fertility of Faraday^s mind. 
Every page, nay, nearly every paragraph contains a 
new thought, often unimportant, occasionally in error, 
but sometimes, when good fortune and inspiration 
combine, rising to the highest flights of the scientific 
imagination. From the best of these he constructed 
the great scientific poems of his published papers. 

It also appears very plainly that a great deal of 
Faraday^8 work was done in his mind and is not 


recorded in his notebooks. To perceive this we need 
only compare the notes of his discovery of the in¬ 
duced current, with the beautifully ordered presenta¬ 
tion of the subject in bis first paper and in the 
Bakerian Lecture, or consider the notes on the phe¬ 
nomena of self-induction before, as Faraday says, he 
begins to see light. After he saw the light his experi¬ 
ments became more systematic and show how be 
worked when led by a guiding principle. 

This publication constitutes a noble memorial to 
one of the greatest leaders in experimental science. 
Its value as a history of the way in which an honest, 
industrious and powerful mind operates on the facts 
of nature is inestimable. The thanks of the scientific 
world should be given to the managers of the Royal 
Institution and to any others who may have cooper¬ 
ated with them to make it possible. 

W. F. Magib 

Princeton TJnivicesity 


SOCIETIES AND MEETINGS 


THE TEXAS ACADEMY OF SCIENCE 

The Texas Academy of Science held its annual 
meeting on November 11 and 12 in Houston, Texas. 
The number of papers appearing on the program was 
large and well distributed over the field of science. 
To bring together papers of like interests, five sections 
were in session throughout the meeting. 

The section devoted to geological sciences was very 
popular. The notable papers included; **The Big 
Springs of Texas,” by R. E. Ryan, of Houston; “The 
Salt Domes and Gulf Coast Oil Fields,” an illustrated 
lecture by Marcus Hanna, of Houston; “Leaves of 
Geologic History from the Topography around Hous¬ 
ton,” Donald C. Barton. Among the twelve other 
papers, one by W. T. Carter, of the U. S. Soil Sur¬ 
vey, on the “Relationship of Texas Soils to the Geo¬ 
logical Formations” was considered as an outstanding 
piece of work. The Section of Zoological Sciences 
contained twelve papers. Several of these were ab¬ 
stracts of longer papers, which are to be printed. Of 
outstanding worth was the paper “The Fleas of Texas 
and their Economic Importance,” by M, A. Stewart, 
of the Rice Institute, and of unique purport was the 
paper by Karl Bleyl, of the Sam Houston State 
Teachers College, in which he describes a new remedy 
for snake bite, which is a serum taken from the snake 
itself. The Botany Section was largely given over to 
papers on the technical edde of investigation into the 
relationships of cotton. Several papers on regional 
ecology in Texas were given. 

The Physical and Chemical Sciences gave papers 
ranging from the chemical contents of grapefruit, a 


study in vitamins; a description of a gigantic per¬ 
manent magnet, and up to cosmic rays. L. M. Mott- 
Smith, and L. G. Howe, of Rice Institute, told of mea¬ 
suring this mysterious ray at the altitude of twelve 
thousand feet in an airplane. The Educational Sec¬ 
tion was given over to archeology; papers on the 
present social and financial conditions of the world; 
on mental operations accompanying emotions and in¬ 
cluding papers on the comparison of the Texas Acad¬ 
emy of Science with other state academies, by S. W. 
Biking, representative to the American Association 
for the Advancement of Science, and one by Clyde T. 
Reed, College of Arts and Industries, on “Science 
Clubs and the Junior Academy.” The annual lecture, 
given at the banquet, was “Genetical Views of the 
Origin of Life,” by Edgar Altenberg. Just before 
Dr. Altenberg^s lecture, H. Y. Benedict, president of 
the University of Texas and also of the academy, 
made an announcement relative to the new McDonald 
Observatory which is to be built by the university 
somewhere in the state of Texas. The last session 
was the annual business meeting. Seventy-five new 
members were taken in and five new fellows created. 
It was announced by F. B. Plummer, of the publica¬ 
tion committee, that Volume XV of the Transactiona 
would be ready for distribution in a few weeks, and 
P. L. Turner, representative of the Southwest Prese, 
stated that “The Bird Life of Texias” had reached the 
point where subscriptions were asked for. The new 
officers are: E. N. Jones, Baylor University, preai^ 
dent; F. B. Plummer, executive viee-preeident; H. JL 
Wilson, Rice Institute, vice~preeidetU SecHoti 1; 
Colonel M. L. Crinunins, vice-president of S; 
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£L B. Parka, San Antonio, secretwry and treasurer, 
8. W. Billing was continued as the representative to 
the American Association Council and g^ven the au> 
thority to represent the Texas organization at the next 
annual meeting. 

Following the business meeting, three papers were 
given by members who were unable to attend on the 
first day. The best of these was a paper by 0. M. 
Ball, supplementing his recent publication '^The Eo¬ 
cene Plants of Texas.’’ This paper was illustrated 
by lantern slides showing newly discovered and de¬ 
scribed specimens. One of them was a beautiful leaf 
recently found in a quarry in East Texas and has 
been named Warneri after S. R, Warner, of Sam 
Houston State Teachers College, who collected the 
specimen. S. R. Warner is a member of the academy 
and was in the audience and heard for the first time 
of the importance of his discovery and the fact that 
the plant was named for him. 

H. B. Parks, 
Secretary 

THE OKLAHOMA ACADEMY OP SCIENCE 

The twenty-first annual meeting of the Oklahoma 
Academy of Science was held on November 25 and 26 
at the University of Oklahoma, Norman. The meet¬ 
ings were divided into four sections and the number of 
papers presented in each section was as follows: Biol- 
37; geology, 19; physical sciences, 22; social sci¬ 
ences, 29, making a total of 107. 

The president’s annual address was presented fol¬ 


lowing the luncheon on Friday by Dr. Herbert Patter¬ 
son, of the Oklahoma Agrictiltoral and Meohanioal 
College. The title of this address was “A Challenge 
to the Social Sciences.” One hundred and fifty mem¬ 
bers and guests of the academy attended the annual 
banquet on Friday evening and Dr. Andrew Ellioott 
Douglass, professor of astronomy at the University of 
Arizona, gave an illustrated lecture entitled “Dating 
Prehistoric Ruins of the Southwest,” Dr. W. B. Biz- 
zell also gave a talk on “The Spirit of Adventure in 
Research.” Dr. Douglass gave a second address at 
the general meeting of the academy on Saturday 
morning on the subject of “The Sun Spot’s Cycle and 
the Cyclogram Method of Cycle Study.” 

One hundred and ninety members were registered 
and about 275 people attended the meetings. 

The following officers were elected for 1933: 

President j F. E. Knowles, Enid, Oklahoma. 

Vice-president, Section A (Biology), Ralph D. Bird, Uni¬ 
versity of Oklahoma, Norman, Oklahoma. 

Vice-president, Section B (Geology), C. W. Tomlinson, 
Ardmore, Oklahoma. 

Vice-president, Section O (Physical Sciences), Wm. V. 

N. Garrotson, Stillwater, Oklahoma. 

Vice-president, Section D (Social Science), 0. B. Bun- 
can, Stillwater, Oklahoma. 

Assistant Secretary-Treasurer, Buane Roller, Norman, 
Oklahoma. 

Horace J. Harper, 
Secretary-Treasurer 

Stillwater, Oklahoiia 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


AN APPARATUS FOR DETERMINING THE 
ABSORPTION OP CARBON DIOXIDE 
BY LEAVES UNDER NATURAL 
CONDITIONS 

Tbb equipment described below was designed pri¬ 
marily for studies involving a large number of deter- 
miuations of the photo^thetio activity of apple 
laav'es under field conditions. The chief features are, 
first, a simple CO^ absorption unit which can be made 
up of standard glassware and which is efficient, even 
though the air passes through the liquid at a rapid 
rate, and seoondly, a light-weight, closely fitting leaf 
chmsiber made of cellophane, which is easily attached 
atMi held in place without cumbersome supports. The 
apparatus is essentially a simplificatiou of that do- 
aeribed by 8. EoStyt^ew, K. Bazyrina and W. 
Teohesnokov,^ and by Bohandrel,* but involves less 
elaborate technique, so that a large number of detpr- 

i8. Kostytsebew, E. Basyrina and W. Tscheanokov, 
Plants, 5: 880^784, 1928. 

SBugO Schaadrel, Wise* Arehiv* fUr Landw, AhU A 
8 ; 888 - 860 , 1980 . 


minations can be carried out at one time. An electric 
current is required to operate the pump. 

The absorption unit is a modification of the Reisefc 
tower used by Brown and Esoombe® and consists of a 
glass tube, about 60 cm long and 3 cm in diameter, 
which is supported in an upright position. A glass 
Gooch crucible, with fused-in fritted glass disks, is 
attached to the lower end of the tower by means of 
thin-walled rubber tubing and serves to break the gas 
stream into minute bubbles. The size of the pores 
in the disks used was 109-120 microns, but finer 
grades of porosit/' down to 20-30 microns are avail¬ 
able. The small end of the crucible is fitted with a 
rubber stopper, through which extends a short piece 
of glass tubing. A standard mercury filter with 
fused-ili fritted glass plate may be used as a gas 
distributor instead of the Gooch crucible, but it is 
mote expensive. 

The upper end of the absorption tower is connected 

« H. T. Brown and F. Escombe, Proo. Boyal 8oo,, Lon¬ 
don, B 76: 29-111, 1905. 
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Fio. 1. Diagram of on absorption anit^ and of an as¬ 
similation chamber. 


by means of heavy rubber tubing to a flowmeter 
aoourately calibrated with a Sargent wet test meter 
at different temperatures. The air passes through a 
dehydrating agent before it enters the flowmeter to 
avoid the accumulation of moisture in the capillary 
tube which has a bore of less than 1 mm and a length 
of 125 mm. An electric vacuum pump is used to pull 
the air through the system. By adjusting the sensitive 
gas valves, the mercury in the arms of the flowmeter 
can be kept at a definite level and the flow of air 
may thus be regulated to conform to a predetermined 
rate. The standard rate chosen for our preliminazy 
tests was 100 liters per hour. The effLoiency of the 
absorption unit is indicated by the fact that all carbon 
dioxide in the atmosphere is removed when passed 
through a column of 200 cc N/10 Ba(OH)g or KOH 
in a single tower at this relatively high rate, provided 
the solution remains sufficiently strong. 

The reservoir containing the CO^ absorbent consists 
of a 500 oc suction flask, fitted wi^ a rubber stopper 
and a glass tube about 22 cm long. The glass tube 
touches the bottom of the flask, and its upper end, 


which extends above the stopper about 5 cm, is pro¬ 
vided with a short piece of rubber tubing and a pinoh- 
oock. A similar connection is found on the side arm 
of the suction flask. 

A definite amount, usually 200 oo, of N/10 Ba 
(OH )2 or N/10 KOH is allowed to flow from the 
protected stock bottle through a connected burette 
directly into the flask. To charge the flasks with the 
standard solution requires only a few minutes, after 
which all the pinch-cocks remain closed until the de¬ 
terminations begin. A large number of flasks may 
be filled in the laboratory to serve for many determi¬ 
nations in the field. 

The leaf chamber, adopted os a standard after 
experimenting with many other types, consists of an 
envelope made from heavy-weight, moisture-proof 
cellophane. A special moisture proof paste must be 
used to seal the overlapping edges. The size may 
vary with the leaf to be studied. The envelope is 
slipped over a leaf which has previously been pro¬ 
vided with a combination support and air intake. 
This consists of a glass tube which is bent as indicated 
in the diagram. It is held firmly in position against 
the stem by means of a spring clip so that the long 
arm passes on the under side of the leaf and supports 
it at an angle of about 36 degrees from tbe horizontal. 
A heavy-walled rubber tube attached to the glass sup¬ 
port connects it with the side arm of the suction flask. 

After the assimilation chamber is in place, the flaps 
on the open edge near the base of the leaf are bent 
back and held in place on tbe under side by means of 
paper clips. Tbe comers of the envelope may also 
be folded back to reduce the size of the chamber to a 
minimum. The cross-section shows how the envelope 
fits about the leaf so as to avoid ^'dead air spaces’’ 
which might possibly interfere with the free supply 
of fresh air and carbon dbxide. The glass tube keeps 
the cellophane a few millimeters away from the under 
side of the leaf where the stomates are chiefly found 
on material we have used. The envelope with the 
enclosed leaf is easily held in place and may be ad¬ 
justed to any plan^ using tbe glass intake-support 
tube as an axis. It is thus possible to expose the leaf 
at a right angle to the sun’s rays if desired. With 
some modification, the support and cellophane cham¬ 
ber can be used for two or more leaves or even for a 
whorl of leaves on a spur. 

The supply of fresh air enters through the small 
opening which is left around the glass tube and tbe 
petiole. A thermometer may be inserted in this open¬ 
ing to record the temperature within the chamber. 
After passing over the leaf, the air is drawn to the 
absorption unit through the glass tube at tbe upper 
edge of the envelope. The single arm of the intake 
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tube may be replaced by a Y-tube or a T-tube so that 
the air is withdrawn from the comers of the envelope^ 
thus tending toward a somewhat better circulation of 
air over all parts of the leaf. 

In spite of the rapid movement of air through the 
chamber (100 L. an hour), the temperature of the 
chamber when exposed to the direct sun will be from 
6 to 10 degrees C. higher than the surrounding air. 
Condensation of the water vapor transpired by the 
enclosed leaf may occur on the relatively cool lower 
and shaded aide of the envelope, but since little or no 
moisture is lost through the upper surface of the leaf, 
there is practically no accumulation of water on the 
corresponding exposure of the envelope. Excessively 
high and injurious temperatures, due to concentration 
of the heat rays in different parts of the leaf, are thus 
avoided. After several hours’ use the cellophane be¬ 
comes wavy and the moisture-proof coating may dis¬ 
integrate^ but this does not seem to interfere seriously 
with the transmission of light, nor does it have any 
noticeable detrimental influence on leaf aotivity. The 
wet ceUophane becomes flaccid, but resumes its original 
stiffness when air dried. 

The water transpired by the leaf in the chamber 
may be estimated by having the air pass through a 
dehydrating agent before it reaches the absorption 
tower. The weight of moisture adhering to the 
envelope must be added. 

After all parts of the apparatus are in place, the 
stop-cocks on the suction flask are opened. The air 
is pulled through the system at the standard rate of 
100 L. per hour, regardless of the size of the leaf. 
This should insure an ample supply of air containing 
^‘normal” amounts of COg, and it may actually provide 
the leaf with more CO^ than it would have access to 
in relatively still air. 

In our experiments, six to eight complete units, 
as described above, are attached to the same suction 
tank and are operated at one time. The air moving 
through each unit, of course, is governed by a flow¬ 
meter for each tower. All but two units are used to 
measure the carbon dioxide absorbed after the air has 
passed the leaf in the assimilating chamber. The re- 
maining two units are used for control of the amount 
of carbon dioxide absorbed during the operations of 
filling the flask and titrating the solution, and also 
to determine the amount of carbon dioxide absorbed 
from an equal volume of “normal” air obtained within 
a few feet and at the same level as that which is passed 
over the enclosed leaves. The air used in these oon- 
trols is made to pass through a cellophane envelope 
iriueh is identical with that used on the leaves^ so that 
the temperature of the gas entering the system is the 
same in all oases. 


The running time has usually varied from one half 
to three hours, although the apparatus may be oper¬ 
ated for longer periods by using a stronger solution 
for absorption. After each run, the liquid is allowed 
to flow back through the filter into the reservoir flask 
and the absorption tower is repeatedly rinsed with 
small amounts of distilled water until about 150 oo 
has been used in each case. Where the precipitate 
of barium carbonate is very heavy, suction may have 
to be applied to the flask, but this is unnecessary for 
periods not longer than one hour, or when potassium 
hydroxide is used as the absorbent. After the tower 
is thoroughly cleaned of adhering alkali solution, the 
flask is disconnected from the system and the pinch- 
cocks are closed. Flasks contained fresh solution are 
put in place, after which the suction may be started 
for another determination. 

The amount of carbon dioxide absorbed during the 
operating time is determined by titrating an aliquot 
of the solution in the flask, after adding barium 
chloride. The error introduced by the absorption of 
CO, during the operations of charging the flasks and 
titrating the unused alkali has been determined to be 
negligible in our experiments. The great dilution of 
the hydroxide solution caused by the usp of liberal 
quantities of distilled water in rinsing minimizes the 
amount of carbon dioxide absorbed during titration. 
Where the flow is accurately regulated, the controls 
give identical results. The activity of the leaf with 
respect to the utilization or production of carbon 
dioxide is determined by the difference between the 
amounts absorbed by these control units and by the 
other units. 

In agreement with Lundegardh, and others^ the 
amount of carbon dioxide in 100 L. of “normal” air 
has been found by the use of the above apparatus to 
vary from as low as 38 mg to as high as 70 mg in 
a warm, unventilated greenhouse containing about 100 
young vigorous apple trees growing in tuba. The 
former concentrations axe more frequent on a clear 
mild day in a ventilated greenhouse during the morn¬ 
ing hours, while the higher concentrations occurred 
at night. There may be appreciable variation from 
one hour period to the next, so that controls are essen¬ 
tial for every deten^ation. 

The apparatus has been used to study the efficiency 
of apple leaves on plants grown under different con¬ 
ditions of nutrition. In some of our experiments, as 
high as 25 per cent, of the carbon dioxide contained 
in the “normal” atmosphere was removed by passing 
over a single leaf, but as a rule the amount removed 
was less than 10 per cent. The amount of carbon 

* Henrik Lundegardh, < ‘ Environment and Plant Devel¬ 
opment.*' Trans. Eric Ashby. Edward Arnold and Com¬ 
pany, London. 1981. p. 264. 
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dioxide ab8oif>ed during one-hour periods per 100 sq 
om of healthy leaf surface exposed to the light varied 
from less them 1 mg to as high as 25 mg, with 2 to 10 
mg the most frequent rate during the morning hours* 
In a few cases during daylight hours in the forenoon, 
the leaves actually increased rather than reduced the 
carbon dioxide content of the air. The respiratory 
rate is determined during the day by excluding light 
from leaves whose photosynthetio activity was estab¬ 
lished during the preceding hour, or by making deter¬ 
minations during the night. 

In general, our preliminary results, obtained with 
the apparatus described, conform with those recorded 
by the Russian authors previously referred to, and 


they indicate that wide flnotuariona in the activity of 
a given leaf from hour to hour and from djsy to day 
are to be expected, even though the temperature and 
other environmental factors are the same in successive 
periods. Nevertheless, a relatively active leaf seems 
to hold its rank compared to others under many vary¬ 
ing conditions. The apparatus described should there¬ 
fore be useful for many studies involving a knowledge 
of the leaf efficiency as influenced by a number of eon* 
ditions or treatments. 

A. J. Hkinioiob 
M. B. HorncAK 

Depabtment or Pomology, 

Cornell ITniversitt 


SPECIAL ARTICLES 


ThE FUNCTION OF THE ADRENAL CORTI¬ 
CAL HORMONE AND THE CAUSE OF 
DEATH FROM ADRENAL INSUF- 
FICIENCYi 

The functional significance of the adrenal cortex is 
unknown; practically all investigators of the problem 
agree upon this point. Various tentative hypotheses 
have been advanced to account for the function of 
these glands, but none of these hypotheses, or all of 
them taken together, have materially advanced the 
problem of cortical function. 

We are of the opinion that data now in our posses¬ 
sion, merely a brief outline of which will be presented 
here, explain in large measure the function of the 
adrenal cortex and the cause of death from adrenal 
insufficiency. The nature of the data is such that it 
is highly important to have in mind a clear picture 
of the type of experimental animal employed. 

Bilaterally adrenalectomized dogs are used: they 
have weD-healed wounds, are perfectly normal healthy 
animals at their peak Weight. Any one viewing these 
dogs would bo quite unable to distinguish them by 
appearance or behavior from control unoperated in¬ 
dividuals. From the day of gland removal they are 
injected daily with adequate maintenance doses of the 
cortical hormone until ready for use. Some of the 
animals have been bilaterally adrenaleotomLsed for 
nearly two years, others for lesser periods. In all 
oases, however, they were permitted to develop severe 
symptoms of insufficiency by withdrawal of extract, 
and then revived and returned to normal health by 
adequate injections of hormone. This is the routine 
procedure in the laboratory before any adrenalecto- 
mixed dog is regarded as a fit subject for experimental 

1 The expenses of this investigation; including the cost 
of enlarging this issue of SciXKCS to make early publi¬ 
cation possible have been defrayed bv a grant from the 
Josiah Uaey Foundation of New York. 


tion. Several of the older animals have passed 
through this routine eight to ten times. Our adrenal- 
ectomized dogs are, by all anatomical and physiologi¬ 
cal criteria employed, perfectly normal healthy ani¬ 
mals, except that they lack adrenal glands. We re¬ 
iterate and emphasize this point purposely. When 
an experiment starts, the cortical hormone is withheld 
and the animal allowed to become prostrate from in¬ 
sufficiency. Adequate doses of the hormone are then 
given and the animal returns to normal. 

Study of such animals reveals some new and inter¬ 
esting data which, for the sake of brevity and clarity 
of presentation, will be given as bald statements. The 
more important points supporting these statements 
will be discussed more in detail later. 

(1) The function of the adrenal cortical hormone 
is the regulation and maintenance of a normal circu¬ 
lating volume of fluid within the vascular system. In 
the absence of the hormone, fluid is continually lost 
from the circulation presumably by transudation 
through the capillary walls, with the result that the 
adrenolectomized animal is unable to maintain his 
normal blood volume, and eventually dies from cun 
culatory collapse due to insufficiency of circuiating 
fluid. 

(2) Accompanying the progressive decrease in 
blood volume is a progressive fall of blood pressure 
to the death level The decline in arterial pressure 
is apparently a direct result of the decreased volume 
of oireolating fluid. 

(3) The decrease in blood volume and blood pres¬ 
sure are not terminal phenomena, but first appear 
within twenty-four to seventy-two hours after disoon- 
tinuing hormone injections and before active symp¬ 
toms of insufficiency appear. Both volume and pvfth 
sure steadily decline to the death point, whkjh may not 
occur until eight to twelve days later. 
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(4) The manifesfcatioiui and symptoms of adrenal 
instilBiaienoy parallel in remarkable fashion the decline 
in blood pressure. 

(5) Hemoooncentnition, increased blood viscosity 
and the marked slowing of the circulation which in¬ 
variably appears, are directly correlated with and 
chiefly dependent upon the decline in plasma volume 
and blood pressure. 

(6) The heart rate varies inversely as the blood 
pressure, and the change in rate appears to be due to 
the progressively diminishing venous return to the 
right heart, and the effort of the heart to compensate 
for the greatly decreased quantity of fluid in circula¬ 
tion. 

(7) The blood-urea and non-protein nitrogen also 
vary inversely as the blood pressure. The decreased 
renal function, so evident during adrenal insuffi¬ 
ciency, we attribute to the changes in circulation pre¬ 
viously mentioned, i,e., diminished blood volume, de^ 
creased pressure, and presumably, therefore, to de¬ 
creased flltration pressure and blood flow in the 
kidney. 

(8) The increased viscosity of the blood is due to 
loss of fluid and increase of corpuscles per unit vol¬ 
ume, and to the increase in plasma jjroteins due to 
bemoconoentration. 

(9) Adrenalectomized animals, in the absence of 
the cortical hormone, are apparently unable to draw 
fluid back into the blood stream through the capil¬ 
lary walls. The accepted view that the osmotic power 
of the blood colloids is the chief factor involved in 
compensation needs further investigation. The blood 
colloids are proportionately increased in adrenal in¬ 
sufficiency, yet the animal does not dilute or com¬ 
pensate in face of a declining blood volume and 
arterial pressure. 

(10) Following administration of adequate amounts 
of cortical hormone to prostrate adrenalectomized 
dogs, the blood volume, blood pressure and blood con¬ 
stituents all return to normal. The animal is able to 
dilute bis blood and build up a normal blood volume, 
and adl symptoms of adrenal insufficiency disappear. 

(U) It is our opinion that all the manifestations, 
symptoms and physiological,, peculiarities, which have 
been described as occurring in adrenalectomized ani¬ 
mals (see t^le on insufllcieney), are merely results 
of a progressively failing circulation due to decreas¬ 
ing yolume of circulating fluid, in an animal which 4S 
unable to compensate (as do normal animals) for its 
lotv blood volume and blood pressure by dilution. 

(12) The striking similarity between the symptoms 
ot adrenal insufficiency and those of traumatic or seq- 
Ondary shock, as reported in the literature for man, 
is too obvious to be ignored. The cardinal features 
of traumatic shook are likewise the cardinal features 
of adrenal insufficiency—^., depleted blood and 


plasma volume, lowered arterial pressure, hemoconcen- 
tration and inability to dilute the blood (unoompeu- 
sated human eases). The really essential point in 
secondary shook is failure of the blood-diluting mecha¬ 
nism and loss of power to increase the blood volume. 
This is also the primary cause of the symptoms of 
adrenal insufficiency. 

, These statements require supporting evidence of an 
unequivocal nature. We believe that our data are 
sufficient to establish these contentions, and the main 
points will be briefly outlined here. 

Blood Volume 

Fig. 1 shows the blood volume, hemoglobin, hema¬ 
tocrit and urea nitrogen changes in one of our 
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Fio. 1. The changes in plasma volume, hemoglobin, 
cells by hematocrit, and urea nitrogen in an adrenalecto¬ 
mized dog followed through a cycle of insufficiency. This 
animal bad been adrenalectomized ten months previous 
and maintained in normal condition by adequate doses 
of cortical hormone. 

experimental animals. The plasma volume of adre¬ 
nalectomized dogs is invariably low. Liosses of 40 to 
60 per cent, of the plasma frequently occur. How¬ 
ever, it is our opinion that the “vital-red” method of 
determining blood volume does not really gauge the 
extent of the plasma loss in an animal coming into in¬ 
sufficiency. The method is as good as any other now 
in use, but droolatory conditions are so peculiar in 
adrenal insufficiency'that any of the present indirect 
methods for determining blood volume would be simi¬ 
larly inadequate. 

We have strong evidence for the belief that our 
animals presenting volume readings indicating a 
plasma loss of 40 to 50 per cent, have really lost 
greater quantities. Data obtained by employing the 
“washout” method for blood volume determination 
reveal that the adrenalectomized dog loses 40-50 per 
cent, of his total blood volume within the flrst two or 
three dsys after withdrawal of hormone and before 
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Bny evident symptoms of insufficiency appear. The 
animal eats normally, he is active and vigorous and 
to all appearances normal, yet his blood volume is 
greatly depleted. Accompanying this early diminu¬ 
tion in volume is a small increase in blood urea, and 
a decline in arterial pressure of approximately 20-25 
mm Ilg. 

The “washout'^ method of blood volume determina¬ 
tion is apparently more reliable than the *^vital red” 
method in so far as adrenal insufficiency is concerned. 
Unfortunately it necessitates sacrificing the animal. 
We do not yet know how low the blood volume 
actually sinks before death occurs. We are now in¬ 
vestigating this point. But taking the “vital red” data 
as it stands, it is clear that the blood volume decreases 
to a low figure in insufficiency and returns to a normal 
level following extract administration. 

In a normal animal with adrenal glands, a decrease 
in plasma volume of 40 to 50 per cent, may not be 
fatal or even necessarily lead to the development of 
serious symptoms. Such an animal has the ability 
to compensate or dilute his blood in the face of a 
falling blood volume or pressure, and thereby can 
rapidly restore the volume of circulating fluid to a 
normal level. However, the outstanding feature of 
the adronalectomized animal is its loss of the blood 
compensating and diluting mechanism. Losses of 
blood, which would be negligible in a normal animal, 
are fatal to the adrenalectomized dog. Both types of 
animal are continually losing fluid from the blood 
stream by transudation through the capillaries. But 
whereas the normal dog continually dilutes and re¬ 
stores his blood volume, the adrenalectomized dog is 
unable to do so, and his blood fluids drain into the 
tissues and are lost from circulation. This point is 
discussed more in detail in the following section. 

Compensation or Dii.ution Following 
Hemorrhage, etc. 

Further evidence supporting the contention that in 
adrenalectomized animals the blood volume progres¬ 
sively decreases to a level incompatible with life 
is furnished by bleeding experiments. Following 
hemorrhage, the normal animal with intact adrenal 
glands rapidly dilutes its blood by drawing fluid 
back into the blood stream to compensate for the 
decreased plasma volume. This power of compensa¬ 
tion is remarkable, as any one will attest who has 
studied the problem. Normal dogs, weighing 10 to 
12 kilograms, can withstand the loss of 40 per cent, 
of their total blood volume, or as much as 350 to 400 cc 
at one time, and within a period of a few hours or 
less, dilute to the extent of regaining their original 
volume. This compensation is due to withdrawal of 
water from the tissues. We have repeatedly removed 
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40 per cent, of the blood volume of normal unanesthe- 
tized dogs and cats, and observed that within three 
or four hours they were perfectly normal. Such 
observations are, of course, familiar to any student 
of hemorrhage. 

The power of normal animals to compensate by 
dilution for lowering of blood volume is regarded as 
due to such reduction of blood pressure in the capil¬ 
laries that the filtration pressure from within them 
no longer offsets the greater osmo-tio pressure of the 
plasma colloids as compared with the lymph, and 
consequently fluid passes into the blood stream. This 
mechanism of compensation, however, is probably not 
the sole factor involved, for we have evidence that 
the adrenal cortical hormone is vitally concerned in 
the phenomenon of blood dilution. In fact, our ob¬ 
servations show that in the absence of the cortical 
hormone the animal lacks the ability to dilute its 
blood, even after slight or negligible blood loss. 
Following hormone administration, dilution again 
occurs. 

Adrenalectomized dogs with well-healed wounds, and 
kept in perfectly normal condition by maintenance 
doses of extract, dilute their blood after hemorrhage, 
just as do normal unoperated animals. If extract is 
withheld for two or three days until the hormone 
content of the blood diminishes, the animals remain 
normal in all respects, except for decreased blood 
volume and pressure. They are vigorous and eat 
heartily. However, if small amounts of blood are 
removed, quantities which would be quite negligible 
to an animal with intact adrenals, an interesting phe¬ 
nomenon occurs. The blood pressure sinks to a very 
low level, where it remains unchanged for hours. No 
dilution occurs, and unless the cortical hormone is 
given, the pressure starts to decline further, and the 
animals die presenting all the classical symptoms of 
adrenal insufficiency. Following injection of the 
hormone, dilution promptly occurs, the blood pressure 
rises to normal and the animal returns to a normal 
condition, as evidenced by the changes in hemoglobin, 
hematocrit and plasma volume. We will cite one 
typical example. 

An adrenalectomized dog (operated four months 
previously), weighing 10 kg and maintained in nor¬ 
mal health by hormone, was taken off extract for 
several days. The dog remained normal in every 
respect; and the day be was bled he had eaten his 
full ration of 800 grams of kennel ration. His blood 
pressure had, however, declined from the normal of 
106 mm Hg to 86 mm Hg. This decrease did not 
affect bis vigor, A total of 40 oc of blood was with¬ 
drawn from the femoral artery over a period of one 
hour—an amount representing 5 per cent, of his nor¬ 
mal blood volume. The aniinal’s blood pressure fell 
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from 85 mm Hg to 42 mm of Hg and the dog ex¬ 
hibited signs of prostration. He was able to walk 
back to his cage where he remained in a stuporous 
condition for 7 hours. At the end of this time his 
blood pressure remained unchanged at 42 mm of Hg. 
A few hours later it began to decline and an injection 
of extract was deemed necessary. Intravenous injec¬ 
tion of an adequate amount of the hormone was 
given. Four hours later the blood pressure had risen 
to 60 mm and within 12 hours the pressure was 80 
mm Hg. The dog was eating, and ran about the 
laboratory. Twenty-four hours after injection the 
pressure stood at 100 mm of Ilg. Compensation or 
dilution had occurred, and the animal was again per¬ 
fectly normal. Dilution never occurs in such animals, 
and death results, unless the hormone is injected. 

In contrast to the type of experiment just men¬ 
tioned, we can cite numerous experiments on bleeding 
normal dogs, both from our own experience and that 
of others, where large quantities of blood, 300 to 
360 cc, are drawn at one time. The animals do not 
exhibit distress, but compensate by dilution extremely 
rapidly. The evidence seems clear that adrenalecto- 
mixed animals are unable to dilute their blood, and 
can do so only when the cortical hormone is supplied. 

The experiments upon hemorrhage also lend addi¬ 
tional weight to our data on lowered blood volume in 
the adrenalectomized animal. Normal dogs of 10 to 
12 kilograms weight can withstand relatively huge 
losses of blood without evident symptoms. A similar 
sized adrenalectomized dog, apparently enjoying 
equally good health, can not tolerate a loss as trivial 
as 50 to 75 cc, even when it is withdrawn over a period 
of an hour or two, without passing into a serious 
ahock-like condition comparable to adrenal insuffi¬ 
ciency prostration. The small quantity of blood re¬ 
moved from an adrenalectomized dog is of no sig¬ 
nificance to a normal animal possessing a diluting 
mechanism, but the loss of 60 to 75 cc by an animal 
which by all criteria such as vigor, activity and ap¬ 
petite is normal but which lacks power of compen¬ 
sation, and whose blood volume is already lowered, is 
fatal. 

Another typo of experiment showing the relation of 
the cortical hormone to the diluting mechanism is as 
follows: When the adrenalectomized dog, in severe 
insufficiency with a greatly lowered blood volume, a 
blood pressure of 40 mm Hg and a high blood urea, 
is injected intraperitoneally with 600 co of normal 
saline, nothing happens and the animal dies. The 
individual is unable to tap the reservoirs of fluid 
because it can not dilute. However, if to such an 
injected dog hormone is administered, or fluid giveh 
by mouth, he revives in remarkable fashion. The 
blood pressure may rise 10 mm of Hg per hour for 


two or three hours until the pressure has risen to 
70 to 80 mm Hg and the animal is restored to normal 
80 far as vigor and appetite are concerned. The 
hormone enables the animal to utilize the injected 
reservoir of fluid in the body cavity, and dilution 
occurs very rapidly—more so than when such animals 
are not given fluids intraperitoneally. 

Blood Pressure 

The importance of close observation of the blood 
pressure in adrenalectomized animals can not be over¬ 
emphasized. The great hindrance has been the diffi¬ 
culty of making repeated dotenninations upon the 
same animal. The repeated daily arterial cannula- 
tion, necessary as a preliminary to the use of the 
mercury manometer on the unanesthetized adrenalec¬ 
tomized dog, is a technical impossibility. With the 
exception of RogolT, who used the carotid loop, no 
other method has been employed. When considera¬ 
tion is given to the extreme sensitivity of adrenalec¬ 
tomized animals to anesthetics of any kind, to trauma 
or slight blood loss, it is easy to appreciate the diffi¬ 
culty of any prolonged study of blood pressure in 
such an individual over a period of several weeks or 
months. 

We are using the direct intra-arteria* method of 
Dameshek and Loman, which is extremely simple, 
highly accurate, and which makes it possible to deter¬ 
mine the arterial pressure of an unanesthetized dog 
any number of times desired. The device has been 
repeatedly checked against the arterial cannulation 
method at high, low and normal pressures, using the 
two methods simultaneously in the same animal. The 
readings in mm of Hg are essentially the same in both 
instruments. 

Two further points should be mentioned. Our ani¬ 
mals are table trained especially for blood pressure 
work, and the pressures are determined directly in the 
femoral artery. The cortical hormone per se has no 
effect upon blood pressures. Slow or rapid intravenous 
injections of 30 to 40 cc of highly potent hormone 
does not raise the pressure in either the normal or 
adrenalectomized dog, except for a slight evanescent 
rise due to the traces of adrenalin present. 

The resting arterial pressure of adrenalectomized 
dogs on maintenonpe doses of hormone is perfectly 
normal. It varies in different individuals from 100 
to 116 mra Hg. After cessation of extract injections, 
the pressure progressively sinks day by day until the 
death level is reached. Fig. 2 shows the typical 
changes in arterial pressure in one of our cases. The 
symptoms of adrenal insufficiency parallel the decline 
in pressure. When the pressure is at a low level, in 
many cases as low as 46 to 30 mm of Hg, the ani¬ 
mals exhibit severe symptoms and must be injected 
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in an adrenalectomized dog followed through two cycles 
of inaufficiency and recovery on extract. The signihcance 
of X is explained in the text. 

with oortical hormone in order to prevent the pres¬ 
sure from sinking to the death level. Following in¬ 
jection, the pressure rises steadily and within 72 hours 
or lees has attained the normal level and all symptoms 
disappear. 

The decline in arterial pressure is one of the first 
departures from normal the animal off extract ex¬ 
hibits. Several days before the animal stops eating 
the pressure has fallen to 60 to 70 mm Hg. It is 
remarkable how active and normal such dogs appear 
with arterial pressures as low as they are. An ar¬ 
terial pressure of 60 to 70 mm of Hg is in general 
insufiScient to produce noticeable symptoms in our 
dogs. It IS only when the pressure sinks to below 
60 mm that symptoms appear. We have observed 
several dogs, with arterial pressures as low as 36 to 
39 mm of Hg, which were able to hop off the table 
and trot back to their cages. They were a bit wobbly 
on their feet, it is true, but nevertheless they were up 
and about. 

The heart rate in general varies inversely as the 
blood pressure. When the pressure is normal, the 
heart is slow and steady. However, when the pres¬ 
sure starts to decline the heart rate speeds up and 
maintains a rapid rate so long as the pressure re¬ 
mains low. With a return to normal pressure, the 
heart rate decrea^ to normal. Fig. 2 illustrates 
these points. Some of our dogs show a precipitous 
fall in heart rate a few hours before death occurs. 
This is shown at X in Fig. 2. Following extract in¬ 


jection, tile heart rate of snob animals increases to 
a high figure and then declines to normal as the 
pressure returns to normal leveL 

Since the fall in blood pressure in the adrenaleo- 
tomised dog is dependent upon the decline in plasma 
volume, the rise in pressure after extract administra¬ 
tion depends upon the rapidity with which fluid is 
drawn back into the circulation and the blood volume 
increased. We have observed rises in arterial pressure 
of 10 mm of Hg per hour for the first two or three 
hours after injection, though generally the rise is 
around 5 mm of Hg per hour. When rapid dilution 
has occurred and the pressure stands at 65 to 70 mm 
of Hg, the rate of increase slows up. In all oases 
the pressure attains its normal level along with a 
norma) blood volume by the end of 72 to 80 hours. 
The effect of the cortical hormone upon blood pressure 
is indirect, it raises the pressure by increasing the 
plasma volume, i.e., the amount of fluid in circulation, 
and in no other way, so far as we have been able to 
determine. 

Blood Viscositt 

The blood of adrenalectomized animals becomes in¬ 
creasingly viscous. Data obtained from two experi¬ 
mental dogs are shown in Fig. 3. The increased vis- 



lowed through a cycle of adrenal Insufficiency and recov¬ 
ery after extract administration. The peak of the curve 
eoincides with the point where extract was injected and 
when symptoms were most severe. 

oosity is attributable in large part to (1) the increase 
of oorpuseles per unit volume due to decreasing 
plasma volume, and (2) increase in plasma proteins 
due to hemoeonoentration. 

Blood Ukbu akd NoK-PRomaK NitboOsk 

One of the earliest changes from normality in the 
adrenalectomized dog deprived of extract is a rke in 
blood urea and non-protein nitrogen. This like ooemn 



63 


’ ' • SCIBNCS 


aitnuttaneonafy with ^Iw fall in arterial preeaure^ and 
an inTocae ratio exiata between the two, aa a glance at 
!Rg. 4 will ehow. When the blood preasnre is normal, 



Fto, 4, Blood prenure and urea nitrogen changes in 
an adrenalectomized dog followed through a cycle of 
insufllcieney and rocovory on extract treatment. 


the 'blood urea is low and at the normal level. When 
the pressure falls the urea rises and attains its peak 
when the arterial pressure is at a low level. Following 
extract injections the blood pressure slowly rises 
along with the blood volume^ and the urea and non- 
protein nitrogen slowly falls. 

Daily observation of blood urea and blood pressure 
reveals that, in general, the pressure starts to decline 
at approximately the same time as a detectable ele¬ 
vation of urea occurs, thus indicating that the rise 
in urea and non-protein nitrogen depends upon the 
falling pressure. However, we have observed several 
animab whicdi showed a slight elevation of blood urea 
befoiw the blood pressure had changed significantly. 
In s«»di oases it seems likely that the blood fiow 
through the kidn^ is lessening as a result of a de- 
oreasing volume of circulating fluid. 

'When the animal exhibiting marked symptoms of 
adrenal immffieienoy, with a very low arterial pres¬ 
sure^ Uud a high blood urea, is given adequate injec¬ 
tions Vt oortioal hormone^ the blood pressure in- 
variahlj rises to the noitnal level before the blood urea 
mk$ to^ its normal level. There is a lag of 24 to 48 
hours after the normal presrare has been attained 
belbre the ureii reaches the normal level. This lag is 
to1»^ebt]wcted when we eonaider that the rise in blood 
means that the animal is building up a nor- 
, 1 ^ %lnine of oiroulating fluid* The fall in urea 
when the kidney function is resumed with con- 
out^uring of urea. 

faet that the etovation of blood urea and non- 
jjflfcrogQn tans out to be d^endent upon 
bl^ flow through kidney does not 
^ 1^^ the in^KHttaneo of the urea as a means 

tlm adrenal eortioid hormone. 


The writers have long recognized that this method of 
assay is based upon a secondary phenomenon of 
adrenal insufficiency, namely, lowered renal activity. 
However, since the changes in blood urea are so easy 
to follow and so simple to quantitate^ this method of 
assay retains its value. 

Adbsnal Iksufficisnct and Traumatic Shook 

It is obvious that the conditions existing in adrenal 
insufficiency in animals are strikingly similar to those 
reported as occurring in traumatic or secondary shock 
in man. During the war detailed studies of traumatic 
shook were made on large numbers of individuals. 
In the following table we have listed the chief find¬ 
ings in adrenal insufficiency and traumatic shook and 
have arranged them for comparison. The signs and 
symptoms of the two conditions axe very similar. 

TABLE 1 

OoNumoNs liiKiSTiNG IN Adrenal Insufficibnoy (Ani- 
MALS) AND TBAUMATIO ShOCK (Man) 

1. Blood volume Decreased 

2. Blood pressure Decreased 

3. Hemoglobin Increased 

4. Hematocrit Increased 

5. Bed cell count Increased 

0. Venous pressure Decreased 

7. Bate blood flow Decreased 

8. Blood viscosity Increased 

9. Hemoconcentration Increased 

10. ardiac output Decreased 

11. Venous return to B. heart Decreased 

12. Heart rate Increased 

13. Hecurt condition Normal apparently 

14. Weak, fast pulse Present 

15. Vasoconstriction Present 

16. Ability to dilute Lacking 

17. Blood non-protein nitro¬ 

gen and urea Increased 

18. Alkali reserve Decreased 

19. Basal metabolism Decreased 

20. Blood sugar Decreased in adrenal in- 

sufficiency 

Normal or slightly above 
in traumatic shock 

21. Body temperature Decreased 

22. Use vaso constrictor drugs Ineffective 

23. Effect forcing fluids Beneficial 

24. Vaso motor center Normal apparently 

25. Sensitivity to painful 

stimuli Decreased 

26. Sensitivity to cold Increased 

27. Sensitivity to anesthetics Increased 

28. Sensitivity to histamine Increased in adrenal in¬ 

sufficiency, action un¬ 
known in shock 

29. Sensitivity to InfecHons 

and to^dns Increased 

30. Urine vblume Decreased 

31. Sensitivity to hemorrhage Increased 

32. Sensitivity to trauma and 

operation Increased 

Blood eugar in insufficieuoy is generally lowered, 
wherees in traumatie shock it is either at normal 
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level or else slightly above. However, there is gen¬ 
erally considerable laoeration and tearing of tissue, 
together with blood loss in traumatic shock. These 
conditions may tend to raise blood sugar, for Aub 
has reported high blood sugars in shocked cats whose 
thigh muscles had been crushed. The cause of the 
low blood sugar in adrenal insufficiency will be dis¬ 
cussed in a later paper. 

It is the opinion of the writers that, since the essen¬ 
tials of adrenal insufficiency in experimental animals 
are very similar with those of traumatic shock in man, 
the two syndromes may possibly have a common origin 
—namely, some derangement of the adrenal cortex and 
deficiency of its hormone. In the adrenalectomized 
animal the glands have been extirpated, while in the 
shocked man they are still present, but the question 
arises—are the glands fully functional? If one may 
judge from the symptoms of traumatic shock the 
cortex would appear to be non-functional In trau¬ 
matic shock the individual is either unable to dilute 
his blood and increase his depleted blood volume (un¬ 
compensated cases) or else is able to partially do eo, 
but only slowly (partially oompKinsated coses) and 
must be aided by injecting fluids to increase the 
volume of fluid in circulation. The same condition 
exists in adrenal insufficiency in experimental ani¬ 
mals. The animal lacks ability to dilute its blood 
in the face of a falling plasma volume and arterial 
pressure, and, in the absence of the cortical hormone, 
invariably dies. For some time the writers have 
been tempted on theoretical grounds alone to suggest 
that the secret of traumatic shock may possibly lie 
in the adrenal cortex, and that the cortical honnone 
may be found to be of benefit in controlling this 
syndrome in man. 

Recently we have performed a set of experiments to 
test the relation between failure of the cortex and 
traumatic shock. The results are highly suggestive. 
Adrenalectomized dogs on maiotencmee doses of ex¬ 
tract were used. The extract injections were discon¬ 
tinued for two days to permit the concentration of 
hormone in the animals to diminish. The dogs were 
still in perfectly normal condition and indistinguish¬ 
able from normal dogs. They were lightly anesthe¬ 
tized with ether, the blood pressure determined and 
the testicles crushed in a vise by gradually incroai^g 
pressure. The recovery from ether was rapid and the 
animals were up and about within thirty minutes. 
The blood pressure was followed closely. One typical 
case will be cited. The arterial pressure dropped from 
112 mm of Hg to 79 mm of Hg immediately after 
injury. One hour later the pressure stood at 54 mm 
of Hg. Two hours later it had risen to 67 mm of 
Hg. From this time on, however, the pressure slowly 
declined until at the end of eight hours it was 46 mm 


of Hg and the animal was prostrate and in profound 
shock. No dilation or compensation had oeourred, 
except the evanescent rise during the first two hours. 
The dog was in such desperate straits that it was in¬ 
jected intravenously with adequate doses of extract. 
Two hours after injection the blood pressure rose 
from 46 mm Hg to 68 mm, and at the end of four 
hours from time of injection, the pressure was 74 mm 
of Hg. The dog was running about, was bright, ener¬ 
getic and ate his food in normal fashion. At the end 
of 48 hours the dog^s pressure was 112 mm of Hg. 

Control experiments where normal dogs with intact 
adrenal glands were similarly treated gave results as 
follows: Blood pressure before injury 135 mm Hg. 
(Animal under ether). Immediately after injury 
pressure 112 mm Hg, one hour later pressure 92 mm 
Hg. Animal ate meat eagerly. Two hours later pres¬ 
sure 92 mm, animal normal. Three hours after injury 
pressure 109 mm of Hg. The animal appeared per¬ 
fectly normal at all times during the experiment. 

A second set of somewhat similar experiments has 
been performed, in which profound surgical shock 
was induced in normal dogs by double adrenalectomy 
at one sitting. Immediately following completion of 
the operation, the blood pressure was normal. After 
twelve hours, the degree of shock was such that the 
animals appeared moribund. Blood pressure 35 to 
39 mm of Hg, heart rate 200, femoral pulse so feeble 
it could barely be felt. The animals were conscious, 
but apathetic and quite insensitive to pain. The 
blood-diluting mechanism had completely broken down 
and compensation was lacking. Intravenous injec¬ 
tions of adequate doses of the cortical honnone re¬ 
stored these profoundly shocked animals to normal 
life and vigor within 48 to 72 hours. These animals 
are alive and well at the present time^ some three 
weeks after operation. Dogs similarly **shocked^' and 
not injected with hormone invariably die within 48 
hoiirs. 

These experiments lend considerable weight to our 
suggestion that the signs and symptoms of adrenal 
insufficiency, and of traumatic or secondary shook, 
are possibly due to one and the same thing, 
failure of the blood volume and blood-diluting regu¬ 
lator mechanism, the adrenal cortex. The idea that 
the adrenal cortical hormone might prove of benefit 
in the treatment of human traumatic shock is ad¬ 
vanced merely as a suggestion. Adequate proof can 
only come through cliziical trial. 

W. W. SwZNiHJG 
J. J. PHFVNSa 
H. hLYABS 
P. A. Bern 
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Applying these laws to our observations of the 
stars’ light, wo may calculate the temperatures of 
their surfaces—for the hotter an incandescent body 
is the more blue light it emits in proportion to red. 
(comparison with laboratory sources shows that the 
stars begin about where these leave off—very few hav¬ 
ing surface temperatures less than 3,000° and the 
great majority ranging from three up to fifteen or 
twenty thousand degrees (on the Centigrade scale). 
Some exceptional bodies may reach 60,000°. These 
conclusions are checked by other methods and entitled 
to confidence. At even the lowest of these teifipera- 
tures, all but the most refractory chemical compounds 
are decomposed into their elements—which immensely 
simplifies the physical situation—and, higher up in 
the scale, the atoms themselves lose one or more of 
their outer electrons, becoming ionized and giving now 
and different spectra. Thu conspicuous differences 
between the spectra of the hotter and cooler stars 
originate from changes of this sort, combined with 
other and equally well-understood effects of tempera¬ 
ture. When allowance is made for these, it is found 
that, despite the apparent diversity, the stars, or, 
at least their atmospheres, are remarkably similar in 
composition. The relative proportions of atoms of 
different kinds are very similar to those which are 
found in the earth’s crust, with one important excep¬ 
tion. Hydrogen, which forms but a small proportion 
of the earth’s mass, is more abundant in the sun 
and stars thou an3^hing else. Helium is also abun¬ 
dant. It IS reasonable, by the way, to suppose that 
these light gases escaped from our planet (which 
has not enough gravitative power to hold them) 
shortly after its birth as an independent body. 

Finally, from the temperature and degree of ioniza¬ 
tion in stellar atmospheres, it follows that the pres¬ 
sure must be very low—something like a thousandth 
part of that of the air which surrounds us at sea- 
level. The pressures are different, of course, in differ¬ 
ent stars, but are always small. 

Why we do not see down into regions of greater 
density and pressure was once puzzling; but it is now 
known that an ionized atmosphere, full of free elec¬ 
trons and charged atoms, will scatter light like a thin 
fog. This prevents us from seeing down deeper. The 
calculated temperature represents an average for the 
partly foggy layers toward the bottom, from which 
most of the observable light comes. 

All this information could be obtained by spectro¬ 
scopic means, if we knew nothing about the distances 
of the stars. Measurements of distance, which have 
now been made in various ways, for thousands of 
them, give us new data. The real brightness, or 
luminosity, shows a remarkably wide range. Our 
sun is not far from the middle of this range, and 


forms a convenient standard. Stan 100 times as 
bright are common. Many are known to be more 
than 1,000 times as bright, and a few give mmre 
than 10,000 times the sun’s light. On the fainter side 
stars down to 1/100 and even 1/1,000 of the sun’s 
brightness are common and a few are known which 
give but 1/10,000 of its light. Only the very nearest 
of .these are visible to us, even with good-sized tele¬ 
scopes, so that there is not much chance of picking up 
the still fainter ones which probably exist. Very 
bright stars, on the contrary, can be seen at enormous 
distances, and our failure to find them indicates that 
very few such objects exist. There are, of course, 
various ways of measuring luminosity—with the eye, 
wliich is sensitive mainly to yellow and green light, 
with photographs, which work in the violet, and with 
heat-measunng apparatus, which is sensitive to all 
radiations alike. The corrections necessary to reduce 
measures on the other scales to the last (which is 
obviously the best for theoretical studies) can bo cal¬ 
culated when the star’s temperature is known. 

If we know the luminosity and temperature of a 
star, wo cun at once calculate its size—^its actual 
diameter in miles. Once more our results can be 
checked, by Michelson’s beautiful interferometer 
method, and by various others, and it is found that 
the unavoidable assumption that the hazy indefinite 
lower atmosphere behaves like a hot solid surface, of 
standard properties, at a suitable average tempera¬ 
ture, leads to reliable results. The stars differ less 
in diameter than in brightness. The general run of 
stars have diameters ranging from three or four mil¬ 
lion miles to about half a million (comparable with 
the sun’s 866,000). Some are much larger, from ten 
million miles to 500 million in extreme caoes, while 
a few ore abnormally small, from 50,000 miles to 
10,000 or even less. 

Direct information about the interior of a star 
can be gained in only one way—by means of gravita¬ 
tion. Here, and here alone, the inner portions exert 
their full action, quite independent of their envelope- 
ment by great masses of matter. At ordinary inter¬ 
stellar distances, the mutual gravitation is quite 
negligible; but, fortunately, there are numerous binary 
pairs in orbital motion controlled by gravitation. For 
many such systems we can derive reliable values of 
the masses. These differ far less widely than the 
sizes or luminosities. The greatest mass so far mea¬ 
sured is 113 times that of the sun, the least 0.18—a 
ratio of 700—as against 60,000 for the diameter^ and 
more than 100,000,000 for the luminosities. Why this 
should be true is a problem for the theorist, which, 
as we shall see, has been successfully answered 

la density, the stars diffmr amasingly. Some stiu» 
have more than 100,000,000 times the sun’s volnme^ and 
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probably leas than 100 times the sun^s mass. The 
density of such a star is of the order of a thousandth 
P«t that of ordinary air. Those of smallest diameter 
are massive^ and some of them have densities os high 
as 60,000 times that of water—almost a ton per cubic 
indil How such tenuous bodies as the hrst can hold 
tofether and shine and how any material substances 
ean be as dense as the second are other problems 
which have been satisfactorily solved. 

These calculations tell us only the average density 
of the material inside a star. How much denser it 
is in some parts than others can be determined only 
in a few favorable instances—double stars whose com¬ 
ponents revolve in an eccentric orbit and, being 
separated by but a few diameters, are pulled out into 
ellipsoidal shapes by their mutual attraction. In this 
case the periastron (or point of closest approach) 
moves slowly forward at a rate which depends not 
only on the sizes and masses of the stars, but on the 
extent to which the density at the center exceeds the 
average. Only one system (Y Cygni) has so far 
been carefully studied. In this it appears that the 
concentration of density toward the center is large. 

Barring this rare good fortune, all that we can lind 
out observationally about a single star, in addition to 
its chemical (or atomic) composition, may be ex¬ 
pressed by three numbers defining its mass, its radius 
and its luminosity. From these the density and the 
surface temperature may immediately be computed. 

(2) Relations between these Properties 

These properties of the stars are not distributed at 
random, but are related among themselves in very 
striking ways. The simplest and perhaps the most 
important of these correiations is that between mass 
and luminosity, discovered by Eddington, Stars of 
large mass are always bright, and stars of small mass 
faint. A star of the sun^s moss has nearly the sun’s 
brightness; one of 4 times the sun’s mass gives about 
80 times as much radiation, and one of 16 times the 
mass 1,600 times as much, wliile one of ^ the sun’s 
mass radiates only about 1/200 as much heat. 

Strangely enough, the size of a star seems to have 
very little influence on this' relation. Red stars, fifty 
times the sun’s diameter, and white stars only two 
or three times as big as the sun, if of the same mass, 
have nearly the same luminosity. Indeed, if a curve 

plotted, representing the relation just indicated, 
with points corresponding to the data for individual 
stoiHr the deviation of the latter from the smooth curve 
averages hardly greater than the effects of the out- 
atanding error of observation. There is but one ex- 
^tion. The stars of very small diameter, and very 
l^lSat density, ore much fainter than others of equal 
Ipaai^frofn 1/10 to 1/100 as luminous. 


The luminosity and surface temperature (or the 
closely related spectral type) of a star are also corre¬ 
lated, but in a more oomplicated way, best illustrated 
by a diagram. Fig. 1, prepared from observations 



of about 4,000 stars by Adams and his oolleagues at 
Mount Wilson, shows the brightness (on the familiar 
scale of stellar magnitude) plotted against the spectral 
type—each dot representing one star. The points are 
very far from scattered at random. The majority 
of them congregate in a narrow band, crossing the 
diagram downward and to the right. Along this line, 
called the main sequence, we pass from bright, hot and 
massive stars, at the top, to faint, cool bodies of 
small mass at the bottom. 

The hottest stars of all are not shown in the figure. 
They extend the sequence upward and to the left. 
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The ftun belongs to this sequence, and is a fairly 
typical member. Though so different in brightness 
and in mass, these stars are fairly similar in size. 
A member near the top might be of 10 times the sun’s 
mass, 4^ times its diameter, 1/10 its density, 800 
times its luminosity and 2^^ times its surface tempera¬ 
ture. One near the bottom might have about ^ the 
sun’s mass, 3/10 its diameter, 9 times its density, 
1/180 of its luminosity and half its surface tempera¬ 
ture. There is an unbroken series of stars all the 
way between these types, and even beyond them, and* 
the whole obviously forms a natural family. The 
great range in brightness within it arises mainly be¬ 
cause the radiation from equal areas varies as the 
fourth power of the surface temperature. 

A second sequence of stars is represented on the 
upper right-hand part of the figitre. Hertzsprung’s 
name of “giant stars|’ is very appropriate, for they 
are of gigantic size. Capella, which belongs at the 
lower left of this sequence, has in round numbers 4 
times the sun’s mass, 125 times its brightness, 14 
times its diameter, 90 per cent, of its surface tempera¬ 
ture and 1/700 of its density. A red giant at the 
upper end would have some 10 times the sun’s mass, 
1,500 times its luminosity, 150 times its diameter, 
% its surface temperature and less than 1/200,000 of 
its density. Here is evidently another natural family 
of stars. According to the data represented on our 
diagram, they are rather sharply separated from the 
main sequence, but Stromberg’s calculations, based on 
other data, indicate that the gap is partially filled up. 

A number of very bright stars are represented by 
scattered dots near the top of the diagram. These are 
the “super-giants” of which examples are found in 
almost every class of spectrum. A fourth important 
class of stars, the white dwarfs, would be represented 
by points in the lower left-hand comer. They are 
far fainter than those main-sequence stars of the 
same temperature, and so must be much smaller—in¬ 
deed, their computed diameters range from 30,000 
to 8,000 miles, no larger than the planets. Their 
masses, which can fortunately be determined in a 
few critical cases, are considerably larger than those 
of main sequence stars of the same luminosity, and 
their densities come out extraordinarily great, up to a 
ton per cubic inch, as was already mentioned. Few 
of these stars are known; but they are so faint that 
only those which lie very near the Sun (as stars go) 
can be adequately observed. There must be thousands 
of otheiTB^ visible in great telescopes, but lost among, 
the countless swarms of faint stars. This is typical 
of the effects of observational selection which meet 
the student of the stois wherever he tums^ and de¬ 
mand eternal vigitanda, 1^ they lead him astray. 


(8) Ttra Pswum to 8oi.vm» 

The great task of theoretical ai^phy^ is fo 
interpret these properties of the stars—in^vidoal a^jid 
collective—by means of the general physical pre^mr^ 
of the matter of which they are eomposed. Here FC 
are greatly aided by the high tempmwtures of me 
stars. Chemical compounds are decomposed; hedi^ 
we have to deal only with the properties of atoms, and 
of course of electrons and protons, and of light* < 
quanta. Hence, the more we know about atoms, the 
more we can find out about the stars. The minuting 
things in nature give us the key to unlock the seer^ 
of the greatest. 

We must ask the physicist to answer three main 
questions: 

(1) What is the eqmtion of state inside the star— 
the relation connecting the pressure with the density 
and temperature? 

(2) What is the opacity of the material which regu¬ 
lates the flow of heat from the intensely hot interior 
to the surface, and supplies the loss by radiation into 
space? 

(3) By what processes, and according to what laws, 
is the internal supply of heat kept up, so that the star 
does not gradually cool down and go out? 

We have now a satisfactory answer to the first 
question, and a fairly good one to the second; but 
only a iM^nning has been made with the Ihird, though 
there is hope that we may know more soon. If 
we had this third answer we could prcsdiot, from 
oral principles, what the stars ought to be like^ ipdi 
if our knowledge were adequate and our resnon^ 
sound, our predictions would agree with the fa^lsv 
As things are, our partial knowledge enables us ^ 
interpret many of the most important properties bf 
the stars, though not all. 

(4) Fiest Success. The MASS-LumKOSiTY Eelatok 

Let us b^in with the equation of state. Since the 
material is gaseous, we have by the familiar gm IqWe 

p = BpTyin ai 

; Mi ^ ^ 

(p is the pressare, o the density, T the 
temperature, m the average moieenlsr aa4iS 

a eonstant—8.31x10^ in o.g.s. nnits.) the denj^ . 
inside a star will be greater at some places, and te - 
at otiiere, than the mean. To get an idiia wlutt w 
expeet, suppose we had an imaginary star of 
sise and man, and with uniform density 
The pressure st tiie eenter tiieo eemes oat 9,8DiM||0 ‘' 
tons per square inch, and the eorrespondi^ taanjitw:; ^ 
turt^ by the gas laws, is 114600,0166 n. d eg g i i ee g , > 

grade. Under or^hnaty laboni^ 
mcleenlar wei|^ n woi^ vary 
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composition of the gas. Bat inside the star the atoms 
must be almost completely ionised, and the heavier 
an atom is the more parts it is split into. The average 
wei^t of one of these parts (which is what we need) 
is 0.5 for hydrogen, 1.3 for helium and about 2 for 
all the other elements, except the heaviest (which are 
too rare to be of importance). The general average 
thus depends almost entirely on the proportion of 
hydrogen inside the star. We shall see later that 
there is evidence that this is such as to make the value 
of m about 1. 

For a homogeneous body of M times the sun’s mass 
and r times its radius, the central temperature miist 

M 

be multiplied by —. If the body is not homogeneous, 

r 

let X be the ratio of the density at any point to the 
mean density, and y the ratio of the pressure at this 
point to the pressure at the center of a homogeneous 
sphere of the same size and mass. A very simple 
calculation then shows that the temperature T is 
given by 

T = 11,500,000 ~m. (2) 

We can now calculate the temperature at any point 
inside the star, If we know what it is made of, that is, 
the value of m, and on what model it is built, that is, 
how the quantity x varies as we pass from the center 
to the surface. (If this is known y can be calculated.) 

The density may increase greatly toward the center, 
making x very large there, but in this ease g also in« 
creases. For example, there is a famous ^^model,” 
discussed by Eddington, in which, at the center 
XT = 54, that is, the central density is 54 times the mean 
density. But at the same point g = 93, so that the 
temperature is only 1.72 times as great as for a 
homogeneous sphere. Nearer the surface x and y both 
fall off, and the temperature decreases. It follows 
from this that, unless the central condensation is 
much greater than soggested obove^ the central tem< 
perature of the sun is abcs^ 16 or 20 million degrees. 
A generation ago no one Would have daved to say 
much about the properties of matter under conditions 
so far removed from experience. But we know enough 
about atoms now to be s^re of our ground. 

At these high temperatures, the flying quanta of 
radiation, as iMil as the flying atoms and electrons, 
tend to drive the atoms which they hit outward and 
exert a powerful pressure. At 20 million degrees this 
radiation pressure amounts to 3,000,000 tons per 
square inch—enough to support a considerable frac¬ 
tion of the gravitational pressure inside a star. This 
was first realised by Eddington. If 5 is the fraction 
of the whole pressure which is carried by the gas, 
leaving 1 - P for the radiation, he derived the remark¬ 
able equation 
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which enables us to compute the effect at any point 
in any star. The temperatures previously calculated 
must be multiplied by P. For the sun’s center (with 
m = 1), P = 0.97 for the homogeneous model, and 0.997 
for Eddington’s model, so that the correction is smalL 
For massive stars, it may be considerably greater. 

The outcome of this discussion is that we have 
gained a good idea of the central temperatures of 
the stars. The value for the sun is probably 15 to 20 
million degrees; for a faint star at the bottom of the 
main sequence, 12 to 15 million; for a bright star at 
its top, 26 to 35 million (allowing for radiation pres¬ 
sure) . For the giant stars, the values are much lower, 
about 5 million for Capella and one million for a red 
star at the other end of the group. 

For a star built on any given model, we can now 
find the outward temperature gradient at any point. 
This, with the opacity of the material, determines the 
rate of outward flow of heat—and the latter evidently 
supplies the radiation from the surface, which can 
therefore be calculated. The opacity arises mainly 
from the capture of radiation by atoms, which hold 
it for a moment before they re-emit it, and its law can 
be determined from the principles of quantum- and 
wave-mechanics. The researches of Kramers, Gaunt 
and others have now put the theory of opacity on an 
apparently reliable basis, though it is not yet exact 
Passing over many details, it is found that the lunn- 
nosity L of a star built on any model is given by 
the equation 


Moi 

L = C7r(mp)7| (4) 


where the coefficient C depends upon the model on 
which the star is built, but does not change rapidly 
with changes in this. 

The diiuction shows that the luminosity of a star 
should d^sead but little on ite sue, aod very greatly 
on its mass. For large masses, when P begins to 
diminish, the change is proportionately slower. This 
is an excellent qualitative description of the mass- 
luminosity relation, and numerical calculations show 
that the quantitative agreement is remarkably close. 
Eddington, who flsat worked the theory out, determined 
the constant C (which could not at that time be 
accurately calculated theoretically), from a single star, 
Capella, and found that the resulting formula repre¬ 
sented the data for all reliably observed stars (except 
white dwarfs) in an almost uncanny fashion. 

Theoretically, a star of given mass may have any 
luminosity, adjusting its size to suit. But to halve L 
multiplies r by 4, and reduces the surface temperature 
to 42 per cent, of its original value, so that any large 
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diAAgQ in liuninoflii^i up or down, would place our 
hyp||fcetieal bodj outside the ohsezred range of stellar 
lurfm teznperatures. Within this range a rather 
small oorreotion (carefully made by Eddington) serves 
to reduce the observed brightness of a star to the 
value it would have if shrunk or expanded so that 
its surface temperature was equal to the sun’s. This 
oorreotion hardly ever amounts to one stellar magni¬ 
tude^ while the observed .range in brightness is fully 
20 magnitudes. 

Changes in the model on which we assume our star 
to be built do not greatly affect its luminosity. Ed¬ 
dington, Vogt and Biermann have discussed a large 
number of oases, and found that the effect very rarely 
exceeds one magnitude. Changes in the mean 
molecular weight, on the contrary, produce great dif¬ 
ferences. Recent discussions by Stromgren and Ed¬ 
dington agree in showing that stars of the same muss, 
size and density-model, differing only in the propor¬ 
tion of hydrogen which they contain, may differ in 
brightness by a factor of a thousand—more than 
seven magnitudes. With no hydrogen present, m is 
about 2, and the central temperature high. This 
drives a rapid flow of heat to the surface. As the 
hydrogen percentage increases, m falls, and so does 
the internal temperature, while the opacity gradually 
diminishes. At first the falling temperature prevails, 
and the luminosity diminishes. Finally, when the gas 
is almost all hydrogen, the opacity diminishes so 
rapidly that the escape of radiation becomes greater 
again. The minimum luminosity is reached with 
about 85 per cent, of hydrogen by weight. Agree¬ 
ment with the observed brightness is reached at a 
hydrogen content of 30 to 36 per cent., for the sun, 
Capella and Sirius, independently. There would also 
bo agreement if about 99% per cent, of the gas were 
hydrogen; but this appears to be less probable. This 
interpretation Of the mass-luminosity correlation is 
the first groat triumph of the theory of stellar con¬ 
stitution. Strangely enough, it is almost too success¬ 
ful, for it shows that the observed facts result from 
very general properties of matter, almost independent 
of the internal constitution of the stars. Concerning 
tiie specific model on which they are built, it tells 
us practically nothing—but it does give us important 
information regarding the composition of the in¬ 
terior, which was wholly unexpected. Finally, we 
may note that this part of the theory does not even 
suggest why a star of given mass should have any 
particular size or surface temperature. 

(6) Sboond StTCOBSS. The White Dwarfs 

We have so far assumed that the familiar gas-laws 
ean saf dy be applied to stellar material, even though 
it is matix denser than any known gas. If the atoms 


were in thrir normal condition, this would not be 
true; they are bodies of known and would get 
jammed together at densities little greater than ibose 
of ordinary liquids, so that the material was no 
longer compressible. But, inside the stars, the atoms 
are highly ionised, and their remaining fragments, as 
well as the liberated electrons, are exceedingly small, 
so that there is no danger of their jamming’^ even 
at thousands of times the density of ordinary matter. 
The realization of this led to the first intelligible in¬ 
terpretation of the white dwarf stars. It had been 
known for some time that all the data indicated that 
their densities must be enormous, but this conclusion 
was supposed to be physically impossible till Edding¬ 
ton pointed out that it was a natural consequence of 
the high ionization. 

The later investigations of Fowler, Sommerfeld and 
other students of quantum theory show, however, that 
there is a limit to the degree to which a gas can be 
compressed. Nature abhors overcrowding, though she 
does not really abhor a vacuum. 

Inside an atom the quantum laws provide only two 
places for electrons close to the nucleus, eight further 
out, and so on. Similar quantum restrictions apply 
to the free particles in a gas. Only a fixed number 
of alow-moving particles can be crowded into a given 
volume—say a cubic centimeter. To get more in we 
must add faster moving ones. This increases the 
average energy of a particle, and hence the pressure. 
Only the excess of the total energy of motion of the 
particles, above that tied up in this way, is available 
to count as heat. The lightest particles—electrons 
—show this effect of ^^degeneraoy” first. Being very 
numerous in the stars, they dominate the situation. 
When degeneracy has gone to the limit, the equation 
of state is 

P = (6) 

Here is a constant (equal to 9.16 x 10^* where 
|i is the average mass per free electron, whi^ is 1 
for pure hydrogen, and a little greater than 2 for 
heavy atoms). This equation is safe to use whenever 
it gives a considerably higher pressure than the 
perfect-gas law. For a density 1,000 times that 
water, this happens when the temperature is less t han 
two million degi^ees—while at ten million the gss*iaw 
is still a fair approximation. At intennediate tem*' 
peratures the pressure gradually changes from one 
value to the other. The exact formula for the ohahge 
has been worked oat, but is complicated. 

At extremely high densities, the vdooities of tibs 
electrons become nearly as great as that of light, and 
the equation of state becomes 

m 

yjfhm The transition bStiMn 
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thte form mi tbe last has also been aoeorately irorked 
out. It is under way when the density is about two 
million times that of water. 

We ean now answer the question, What would be- 
eotne of a star which had lost heat by radiation until 
all possible sources of internal energy had been ex- 
haustedf There would be no more available heat in 
it, and tiie matter would therefore be in the degenerate 
state. The equation (5), together with the law of 
gravity, then enables us to work out in detail all 
the properties of the body, since (given the composi¬ 
tion, and therefore there are no adjustable constants 
left This has been done by Milne. A body of given 
mass settles down to a definite sise and density. With 
30 per cent, of hydrogen and a mass equal to the 
sun’s, the radius comes out 1/62 of the sun’s, making 
the diameter 14>000 miles, and the mean density 240,- 
000 times the sun’s. The central density is six times 
as great, or two million times that of water. 

Smaller masses are of larger diameter—^being less 
oompresaed by their own gravitation—so that the 
volume is inversely proportional to the mass. For 
large masses, the central density is so high that equa¬ 
tion (6) becomes applicable. The compressibility in¬ 
creases, and the sise of the body beoomes still smaller. 
For masses greater than twice the sun’s, practically 
the whole Interior is in the second stage of degeneracy. 
The kiw of this state no longer assigns any limit 
to the possible contraction and any greater mass 
would presumably shrink until the protons and elec¬ 
trons themselves were ^^jammed.” The resulting 
denmty con only be roughly guessed, but it is prob¬ 
ably many billions of times the sun’s, so that the 
shrunken mass would be only a few hundred miles 
in diametert 

Such bodies, whatever their masses, would be dead 
stars—cold on the surface, and quite invisible. But a 
star may be nearly but not quite dead, retaining a 
small amount of internal heat. In the deep interior 
this would oontribuite in but small proportion to the 
total energy and pressure, so that the inside of the 
star i^uld be built very much as has been described. 
Towards the outside^ there would be a gradual transi¬ 
tion to Bum familiar conditioiiSy and the degenerate 
oore wlU be snrrcmnded by an envelope of ordinary 
gas. The outer diameter should be larger, but not 
much bugmv than has just been computed. The in¬ 
ter^ tanperature will be much lower than that of 
a non-degeuerate star, and hence the luminosity will 
ba . mildt smaller for a given mass than that of a 

star. Since the soiface layers are composed 
gas, the speetnun will differ littk from 
that ot a normal star. 

these are ena^ly the pzbpexties which are 
by tlto and there 


is no longer any doubt that these actually have de¬ 
generate eenters. Milne points out that we should 
have not only white dwiiurfs with d^fenerate cores, 
but still fainter orange and red dwarfs, stages of ap¬ 
proach to the dead ^Hblaok dwarf.” Such stars 
should be excessively faint, and only the very nearest 
of them would have any chance of being observed. 

Of the few white dwarfs for which good data are 
availably four, by great good fortune, are com¬ 
ponents of visual binaries, and we can find their 
masses. These range from 0,85 to 0.37 times the 
sun’s mass, and all lie within the interval for which 
even a completely degenerate mass finds a limit set 
for its contraction. It is possible that we do not 
find white dwarfs of large mass, because any such 
objects, if they existed, would be of such excessively 
small siee that we could not see them at stellar 
distances, whatever their surface temperature. 

A degenerate gas is known to be highly transparent 
to radiation. Henoe, as Milne points out, the differ¬ 
ences in temperature within it must be relatively 
small. The layer of non-degenerate gas near the 
surface is much more opaque, and acts as a blanket 
to keep the interior warm. Milne estimates that the 
temperature in the interior of the companion of 
Sirius does not exceed 15 million degrees. 

The white dwarfs have, within the last few years, 
changed their r51e from most perplexing to the best 
understood class of stars. The present theory of their 
nature (which we owe to Milne) is the second notable 
triumph of the application of general physics to stel¬ 
lar constitution. 

The projierties of gas masses with degenerate cores 
have been the subject of lively discussion during the 
last couple of years, and a great deal of work has 
been done on the subject—notably by Milne and his 
colleagues at Oxford. To save a great deal of 
algebraic labor, he has worked on the assumptions 
that the rate of liberation of energy is uniform all 
through each mass (though differing from one mass 
to another), and that the opacity is constant in the 
gas phase, and also in the degenerate state, though 
much smaller. The transition between the two states 
is supposed to be sharp, but without discontinuity. 

These assumptions do not lead to a close numerical 
representation of the properties of actual stars; for 
example, they give a change of luminosity with mass 
whi<di is sinrilar to, but only about 60 per cent, as 
great as, the actual change. However, they were not 
designed for this purpose, but to enable an exhaustive 
survey of the oansequences of at least one set of 
assumptions to be madet. The problem remains dif¬ 
ficulty but Milne has solved it by methods of great 
mathematical elegance. 

The sesolte are interesting. For bodies of small 
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mass (less than about twioe that of the sun), the 
aiee and brightness steadily diminish as the degenerate 
core grows larger. For large masses, the brightness 
inoreases slightly until the core is of about a quarter 
of the star’s diameter, and then falls off. There is 
no great loss of light (exceeding a magnitude) until 
the core occupies most of the volume. All these 
configurations, except a few of very large mass, are 
smaller than those in which the center is just begin- 
ning to be degenerate. The latter diminish slowly, 
with increasing mass, from the size of Saturn to a 
little smaller than Uranus. The final completely de¬ 
generate forms are from one third to one fifth as big. 

Milne has not yet extended his calculations to in¬ 
clude the second stage of degeneracy, but it is dear 
that this would make the radii still smaller. His 
calculations, therefore, appear to represent transitions 
between ordinary stars and white dwarfs. 

Professor Milne has expressed the opinion that 
tile exact solution of certain equations might lead to 
much larger computed diameters, and hence to an 
explanation of main-sequence stars, and even giants, 
as bodies possessing dense, degenerate cores; but later 
calculations by Cowling are unfavorable to this view. 
If, however, Kramers’ opacity law is substituted for 
the simpler assumption, keeping the same law of 
generation, Jeans has shown that bodies of 
large moss must inevitably be greatly concentrated 
toward the center. Further computations on this 
basis are to be desired; meanwhile the question 
whether actual stars (other than white dwarfs) may 
have degenerate cores must remain open. 

(6) SouKOss QJF ^Stkllab Ekergy Synthesis ob 
Annihilation of Atoms 

So far we have considered only the escape of 
heat from a star, without inquiring how the supply 
is maintained. The rate of loss is almost incompre¬ 
hensibly great. We osn come nearest to realizing it 
by remembering that, according to the theory of 
relativity, heat, like other forms of energy, possesaea 
mass. It is as proper to speak of a pound of heat 
as of a pound of ice; but a pound of heat is a very 
large amount—enough, in fact, to melt 30 million 
tons of rock and turn it into white hot lava. The 
sun radiates heat away into the depths of space at 
the rate of 4,200,000 tons per second—and the sun 
is a smallish starl Upon what vast stores of energy 
can it draw to keep going? 

The first approximately adequate suggestion was 
made by Helmholtz, and developed by Kelvin. All 
parts of the sun attract one another strongly. If it 
was once larger than now and has contracted to its 
present size, the gravitational forces must have done 
an enormous amount of work during the contraction, 


wMoh would neoessarily reappear as some other 
form of energy. Part of this is doubtless still stored 
as heat in the interior. The rest, escaping to the sur¬ 
face, would maintain the radiation. The whole supply 
made available by contraction from a very large size 
may be calculated easily, though not exactly, since 
it depends on the way in which the density increases 
toward the center. On the most liberal assumptions 
regarding this it would sufQoe to keep the sun shining 
at its present rate for about 20 million years. Before 
the great extent of geological time was realized, this 
appeared to be an adequate explanation. But now 
we have conclusive evidence that the earth’s surface 
has had very nearly its present temperature for 1,000 
million years or more, which means that the sun has 
been shining about as strongly as at present through 
all these ages. Some greater supply must be sought, 
and the only present hope is in changes in the atoms 
themselves, involving a loss of mass. 

Two principal sugg^tions deserve consideration. 
The first, and boldest is that, under certain rare con¬ 
ditions, a pair of the positive and negative charges 
out of which matter is built—proton and electron— 
may annihilate one another and disappear, leaving 
the whole amount of energy represented by their 
masses to escape, presumably as radiation of very 
high frequency, which inside a star would soon be 
absorbed, its energy reappearing as heat in the gas. 
Could such a thing happen, the annihilation of one 
per cent, of the sun’s mass would keep it going for 
150,000 million years. To consume the whole mass, 
if possible, would take much more than a hundred 
times as long, for as the mass decreased, the lumi¬ 
nosity, and with it the rate of wasting, would diminish 
rapidly. The second hypothesis derives the energy 
from the transformation of hydrogen into other ele¬ 
ments. The atomic weights of all the heavier elements 
(that is, of the separate isotopes of the complex ones) 
are very nearly integral multiples of the unit or¬ 
dinarily used by ehemtsts; hut that of hydrogen is 
greater by one part in 130. If in any way hydrogen 
atoms could he broken up and their parte redistributed 
to form a heavier atom, the protons and some of 
the electrons condensing into the nucleus, and the 
remaining electrons forming the rest, there would be 
a loss of mass which would presumably escape os 
energy into the surrounding gas. Transformation of 
the sun’s whole mass from hydrogen into other atoms 
would liberate heat enough to supply its present 
radiation for 100 billion years (10^*). This far 
more than meets all the demands of geology; hut the 
maximum life, on this hypothesis, for the bri|^test 
known stars comes out less than one billion years, 
which is inoonvenieutiy short. 

Kadioactivlty—whi^ is a special case of the traits- 
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formation of one heavy atom into others—also liber¬ 
ates energy at the expense of loss of mass. The 
known cases supply beat too slowly to keep the 
blighter stars going, and in too small a total amount 
to meet liie requirements. Suggestions that heavier 
and more powerfully radioactive atoms than any 
known on earth may exist in the stars are purely 
speculative. 

Very little can yet be said about the poesibility of 
the annihilation of matter ini^de the stars; but that 
little indicates that it should not occur except at tem¬ 
peratures of many billions of degrees. More progress 
has been made in the discussion of the building up 
of heavier atoms out of hydrogen. 

According to Heisenberg’s new and very attractive 
theoiy, atomic nuclei are built up of protons and the 
recently discovered neutrona The incorporation of 
a proton into a nucleus would in many cases change 
an atom of a known element into one of the follow¬ 
ing element (Be* to B'^ to C^*, etc.). The intro- 
duotion of a neutron would change an atom into an 
isotope of the same element, but with atomic weight 
greater by 1. (La® to Li^, to B^‘). By alternation 
of these processes the heavy elements might be built 
up, step by step. When a proton is built in, about 
1/130 of its mass disappears and must be represented 
by beat liberated in the process. Building in a neu¬ 
tron probably liberates heat also. 

At distances greater than 1/1,000 of the outer diam¬ 
eter of an atom, protons and nuclei repel one an¬ 
other. A fast-moving proton, rushing directly at a 
nucleus might, however, get so near it that attraction 
succeeded repulsion, and thus penetrate the nucleus 
and become a part of it. Neutrons would not be 
repelled, and would probably have a better chance 
of going in. We do not know enough about them 
yet to estimate the chances; but a tolerable idea of 
the probability of penetration of a proton can be ob¬ 
tained by means of wave-mechanics. The chance is 
greatest for the lightest nuol^, which have the small¬ 
est oharges and repulsive forces. Calculations by 
AtkinKon and Houtermans show that such penetrating 
collisions would begin to become important when the 
temperature of the gas rose above a few million 
degrees. Their predictions have been strikingly con¬ 
firmed by the recent experiments of Cockcroft and 
Walton, who found, upon bombarding lithium with 
prq^ons accelerated by a potential drop of 300,000 
colts, that alpha rays—^helium nuclei—were given otf 
With a total energy oorresponding to 16,000,000 volts. 
Evidently a proton penetrates a lithium nucleus 
(ehatge 3, mass 7) producing an atom of diarge ^ 
and mass 8 (an isotope of beryllium) which breaks 
up into two alpha particles, charge 2, mass 4, while 
&c energy represented by the loss of mass sets these 


in very rapid motion. The number of oases, per 
million atoms hit, in which this process occurs is of 
the order of magnitude predicted theoretically a year 
earlier. 

There is then no room for doubt that the synthesis 
of heavier elements out of lighter ones and hydrogen 
may actually occur within the star and liberate great 
quantities of heat. 

(7) pROMisB or Third Sucobss. Thb Main 
Sequence 

We have already seen that the interior of a star 
probably contains about 30 per cent, of hydrogen by 
weight. In the outer parts of the star a large frac¬ 
tion of the remainder are atoms of carbon, nitrogen 
and oxygen. 

If the same is true in the interior (as appears prob¬ 
able), we may apply formulae recently given by 
Steenholt and calculate how hot the sun’s interior 
should be to provide heat enough, by atom-building, 
to balance the outward leakage. Assuming that the 
central ^'furnace” contains one tenth of the sun’s 
mass, and is 15 times as dense as the mean, we find 
that the necessary temperature is 15 million degrees 
if the active atoms are carbon, 21 million for nitro¬ 
gen, and 28 million for oxygen. An iocrease of 30 per 
cent, in these temperatures would increase the rate 
of heat production a hundredfold; a decrease of 22 
per cent, would diminish it in the same ratio. 

I'he theory is still rough; but farther refinements 
are not likely to alter the conclusion that, if the 
inside of the stars is at all like the outside in com¬ 
position, a sufficient supply of heat for their needs 
will be developed if the central tempemture is from 20 
to 40 million degrees. The latter would suffice even 
for a very massive and luminous star. 

Now we have already seen that the central tempera¬ 
ture of the sun is probably 16 or 20 million degrees. 
We appear to have here, at last, an explanation why 
it is of its actual size. If it were twice as big it would 
be about half as hot inside, and far too little heat 
woqld bo generated to keep it going; if it were half 
as big, far too much. 

The same is true for the whole main sequence. The 
great white stars at the top radiate far more heat 
per gram than the red dwarfs at the bottom. They 
should therefore be hotter inside, especially as their 
lower mean densities diminish the chance of atomic 
ooUisions. Now there are eclipsing binary stars— 
whose diameters and masses can be found with con¬ 
siderable accuracy—which belong in all parts of the 
main sequmtoe. If they are built on anythiog like 
the same model, the big white stars are actually hotter 
inside than the little red ones, to fully the ecBtent 
draaanded by theoiy. 
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If ittlis theory ie evea approximaitely trae, no 
star oonld reach an intenud temperatnre aa high aa 
100 million degreea, unless either all the hydrogen, or 
all the other elements from lithium to sodium, had 
been completely used up. It is noteworthy that there 
is no known star for which the data compel us to 
believe in so high a central temperature (as they do 
compel the belief that the sun’s central temperature 
is several nuUions of degrees). 

Another striking success of the theory of atomic 
synthesis is Atkinson’s explanation of the relative 
abundance of the lighter elements in the sun. The 
strength of the spectral lines shows that lithium and 
beiyllium are present in very small proportions in 
the sun’s atmosphere. Boron is more abundant, and 
carbon, nitrogen and oxygen increasingly so. Now 
the lightest elements, if synihesis occurs, should be 
the shortest-lived, and we might expect that lithium 
and beryllium would be quite gone, having been ail 
built up into heavier atoms. There is still helium 
there—plenty of it—but there is good theoretical rea¬ 
son to suppose that, though a proton might easily 
enter a helium nucleus, it would be very unlikely 
to stick there, so that the building of lithium would 
be slow. The lithium atoms thus made would not 
last long before they were in turn changed into 
beryllium, so the number present at any instant would 
be relatively small. The “lives” of heavier atoms 
would be longer, and they would therefore be in* 
ereasingly abundant. 

(8) Unsolved Problems 

Notable as the successes of this theory have been, 
it is stiU in a provisional stage. It can not yet treat 
quantitatively of the entrance of a neutron or an 
electron into a nucleus—^though it has to assume that 
one process or the other must occur. Nor can it 
account for the presence in the sun and stars of the 
heavier metallic atoms, which would not be syn- 
thesizod in appreciable amounts until after a very 
long time. Atkinson, who has discussed the matter 
very thoroughly, believes that some other process, 
not yet tractable theoretically, must have operated 
to produce them, and suggests that some of the heavy 
atoms thus built up may break down with libera¬ 
tion of helium, and thus supply material for farther 
syntheses. 

On the astrophysical 8ide> the important sequence 
of giant stars remains unexplained. They radiate 
about as much heat, for equal masses, as the white 
stars of the main sequence; yet their internal tem¬ 
perature and density must both be much lower, unless 
the eoitral condensation is exceedingly great. They 
are stiU a puszle. It may be^ as Atldnson sug^iesti, 
that they are supi^ed by the oonveraion of hydrogen 


into lithium and other very light elements; or, as 
Milne believes, that they have small dense cores of 
high temperatures; or, as the speaker has suggested, 
that some unknown atomic or sub-atomio process is 
at work which is actually favored by low density. It 
is tempting to imagine that a proton or neutron may 
enter a nucleus and remain loosely bound ther^ but 
be liable to be drawn in deeper, with liberation of 
energy, after a time. Collision with another atom, 
daring this waiting period, might knock the particle 
out, and prevent its permanent binding. But this 
is pure speculation, and need not be taken too 
seriously. 

Despite these difficulties, good progress hsa cer¬ 
tainly been made in interpreting the properties of the 
stars; and it is remarkable that so much success has 
been achieved while we are still ignorant of the 
density-model on which any star, except a few white 
dwarfs, is built. There is an intimate connection be¬ 
tween this problem and the other incompletely solved 
problem of tlie source of stellar energy. Given 
either of them, we could deduce the other, provided 
that we knew the composition of the material at 
every point of the interior. “There’s the rub”; for 
Hhe Composition involves the specification of the 
relative proportions of more than two hundred kinds 
of atoms, including the various isotopes. With re¬ 
gard to the internal temperature and opacity, all ele¬ 
ments except hydrogen act very much alikcy so that 
only the percentage of hydrogen is really important. 
But, when it comes to the liberation of eneigy, dif¬ 
ferent elements, and even different isotopes of the 
same element, probably behave differently, and this 
would make prediction difficult, even though We knew 
the laws of atomic synthesis and disintegTation exaetly. 
To get anything that we can work with, we must out 
the Gordian knot by assuming that the composition 
of all parts of a star’s moss is the same. If Vbk 
assumption was made solely to facilitate our analysis 
our position would be embarrassing; but, foitonatety, 
there ore good physical reasons to believe that inside 
a star there will be slow ounents, mixing the gas and 
tending to make its composition uniform, 

(D) Model Stars. Vogt’s TaaottEu 

Material of exactly specified composition most have 
perfectly definite physical properties, so that, if ths 
temperature and pressure are given, thMensity, tbs 
opacity, the rate of liberation of atomle snei!gy, sad 
so on, must be calculable by eqjOAiioiiAt which (wfaetbsr 
we know them or not) are exaet, and leave no loom 
for ambiguity. If we knew these equation% we s&otd 
calculate all the properties of sUizs of the 4^^, 
compomtion in the following way* ^ 

We may assume the star to be z<qtai^ so 
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that ii is praetieally st>herieaL (What happ^ other¬ 
wise is an additionid problem; to be solved later; if 
we can.) The pressure will certainly be greatest at 
the e^teT; siuee the overlying mass is greatest there; 
and the temperature; toO; will be greatest, for other¬ 
wise heat would flow from the hotter p^arts to the 
center and could not be accounted for except by 
the grotesque assumption that the central material 
consumed heat instead of liberating it. 

Start the oaloolations by guessing at any plausible 
values of the central pressure and temperature. Then 
the density; opacity and rate of heat-liberation are 
determined. Within a small sphere described about 
the center these quantities will change very little, so 
we may calculate the force of gravity at its surface, 
and the rate of flow of heat outward through it. 
JVom these we can And the outward gradients of 
pressure and temperature at the surface of our sphere, 
f^id so estimate their values at the surface of a sphere 
twice as big—^which enables us to extend all our cal¬ 
culations to this second sphere. Proceeding thus, step 
by Step, we may carry our calculations on as far as 
we please. This is known as the ^^method of quad¬ 
ratures.” Though very laborious, it is powerful, and 
will solve a great variety of problems. Proceeding 
outward in this way, we And the temperature and 
pressure steadily decreasing—and incidentally cai- 
oolate the mass inside each successive sphere and 
(be jtotal outward flow of heat through it. 

Finally, the pressure may fall to aero, denoting 
the outer limit of the mass. Knowing the radius and 
the heat flow, we can calculate what the surface tem¬ 
perature should be to permit the radiation of this 
amount into space. The temperature derived from 
biu^ calculations should be 81 per cent, of this—^to 
pmihe allowance for the fact that the ^^surface tempera¬ 
ture” is an average including hotter layers. This 
Ucmdition will usually not be satisfied—which means 
we have made a false start with our guesses 
^ the central temperature and pressure. By ohang- 
one of tbese-^y the pressure—and repeating 
Wt calculations, we may succeed—usually after a 

E t deal of labor—in getting a satisfactory solu- 
ikio 4^ star, mad^j" of our given mate^, for 
h we know the mass, tadins; luminosity, density- 
^deb oto. Then we start with a new central tempera- 
repeat the whole process and get another model 
so on. 

fhk waj; by a great but not impossible amount 
W eulculatbn; we out eixaoily what stars of the 
^||K|kCifled compoaitkni would be like. 

thing about them follows at once from'the 

E re of the proeess of calculation. If we plot any 
of their chanacteristics-^acy mass and luminosity 
a diagthuu, all the pcdnts representing our solu¬ 


tions will lie on a d^nite curve—that is, there will 
be an exact mass-luminosity relation. Similarly, if 
we plot luminosity against surface temperature, we 
will get a definite curve. These curves may be of 
complicated shapes, or even consist of two or more 
branches; but our points will be on lines, and never 
be scattered over an area in our diagram. In mathe¬ 
matical language, our model stars form a one- 
parameter family. 

This is Vogt^s theorem—the most important gen¬ 
eral proposition which has yet been established re¬ 
garding stellar ooi^titution. It has important practical 
applications. For example^ the stars of the main 
sequence lie so close to one line on the diagi'am that 
they may ail be of the same composition. The giants 
lie close to another line and may be similar in com¬ 
position inter ae. Indeed it is possible, though it looks 
f unlikely, that the loci for the giants and main 
sequence may be two parts of the same curve. But 
the super-giants are represented by points which are 
apparently scattered here and there over a wide area 
in the upper part of the figure. Hence they can not 
all bo of the same composition. 

Vogt^s theorem would fail for bodies cool enough 
to permit liquid drops to condense ort of the gas— 
a contingency not to be feared in the stars—and also 
in the case of a star which derived its heat supply 
from gravitational contraction—for here the rate of 
s heat production in a given part of the interior depends 
not merely on the temperature and pressure there, 
but abo on the rate of shrinkage of the star as a 
whole. But its range of applicability is very wide. 

A good many individual models of stars have been 
computed. In some of these, physically improbable 
assumptions were made to simplify the mathematical 
work—for example, that the rate of generation of 
heat per gram is the same in all parts of a star, 
though different in different stars. Such models; 
though of great value in the development of the 
theory, need not detain us here. 

A curious class are the “point-source” models, in 
which it is assumed that all the heat is generated in 
one point at the very center—the rest of the star 
acting simply as a blanket to keep it from escaping. 
This is not so o^izy as it sounds—it represents the 
limit of the quite plausible assumption that the heat 
» generated in a small central region of high tem¬ 
perature. 

In ^me of these solutions, the density diminishes 
near the center—the matter being driven away by the 
aiormous radiation pressure. Even with this ex¬ 
treme assumption, the luminosity for a given mass 
differs by less than one stellar magnitude from that 
o£ a model in which the heat-liberation is almost uni- 
forin—08 Eddington first showed. Biennann, who has 
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oaloulaied several Buoh models, oonoludes that they 
may be ‘^finished off’ into physically possible stars by 
replaoing^ the point-souroe with a small, hot and very 
dense core—so dense that it is relativistically degen¬ 
erate. This idea of a dense core was first suggested, 
long before, by Jeans, who showed that its existence 
was probable in stars of large mass. 

The first oaloulations of stellar models with a law 
of heat-generation derived from theory (atomic 
synthesis) have recently been published by Steensholt. 
In the cases so far discussed, the density is less at 
the center than half way out to the surface. So much 
heat is produced in the inner regions, where the 
temperature is highest, that the point-source model 
is approached. Some of the theoretical models, there¬ 
fore, have a partly empty center, others a very dense 
center. A great deal more calculation will be re¬ 
quired before the subject is cleared up. The only 
observational data, on Y Cygni, indicate that in this 
star the central condensation is high. 

(10) STABHiirr 

The assumption that a star is in internal equilibrium, 
which has been the basis of the whole discussion, is 
justified by the observed constancy of the brightness, 
spectral peouUaiities and other observable character¬ 
istics of the great majority of actual stars. But, be¬ 
fore any theoretical model can he accepted as satis¬ 
factory, we must inquire what would happen to it if 
its equilibrium should be disturbed. 

Possible disturbances may be of two kinds, mechan¬ 
ical, involving changes in the sise or shape of the 
star, and thermal, involving changes in the rate of 
generation of heat inside, or loss from the surface. 

The most important mechanical disturbance is a 
change in the size of the body. Suppose, for example, 
that a body, of low enough density to be gaseous 
throughout, were suddenly reduced to 9/10 of its 
previous diameter (remaining built on the same in¬ 
ternal model). All parts of the mass, being nearer 
together, attract one another more strongly, and the 
internal pressure is increased. To maintain equilib¬ 
rium, the temperature must rise, according to Lane’s 
law, to 10/9 of its previous value in each part of 
the body—which means that a large amount of energy 
must be communicated to the gas. During the con¬ 
traction, however, a great deal of work is done by 
the gravitational forces, and gravitational potential 
energy lost. In the simplest oase^ when no changes 
occur in the atoms of the gas, and no compounds are 
present, an easy calculation shows that just half the 
change in gravitational energy would suifioe to furnish 
the necessary heat. Hence the star can not actually 
oontract unless some way is found to get rid of the 
other half. Radiation from the surface would ulti- 


matdy bring this about, but the process is very slow* 
It would take the son, for example;, about million 
years to lose enough heat at its present rats to 
permit it to contract by 10 per cent. 

If, by some hypothetical force, such a star should 
be rapidly compressed to (say) 90 per cent, of its 
present diameter, the freed gravitational energy would 
all appear as heat in the interior, the internal pres¬ 
sure would be too great to balance the weight of tbs 
overlying layers, and, the moment the constraint 
was removed, the body would begin to expand. When 
it reached its original size, all parts of it would be 
moving outward, and this expansion would overshoot 
the mark, carrying it to about 10 per cent. larger 
than normal. The internal temperature and pressure 
would then be too small, and contraction would ensue, 
to be followed by another expansion, and so on. The 
star would therefore show periodic changes in diam¬ 
eter, or pulsations, which would contioue for a long 
time—though, after a great many oscillations, the 
^^leakage” of heat from one part of the star to an¬ 
other might damp them out. The period of pulsation 
depends mainly on the density of the body. It would 
be a few hours for the sun, a few days for the yellow 
giants and many months for the enormous red giant 
stars. 

If, however, the gas of which the star was com¬ 
posed became more heavily ionised at the higher 
temperature after the compression, port of the surplus 
energy would be used in bringing this about, and 
less would be left over to produce the pulsation— 
which would then be slower for the same density, but 
the body would still be stable, unless the ionization 
demanded more energy than the gravitational changes 
made available. In such a case, the pressure, after 
contraction, would be inadequate to sustain the load, 
and the mass would contract further and further, 
and never return to its original state. In a star made 
up wholly of one kind of atoms, there might be some 
chance of this—though not in all parts of the nisis 
at onoa But with a mixture such as is actually 
found in the stars there is no danger, especially ss 
the abundant hydrogen is completely ionized except in 
a very thin skm at the aurfaoa 

The radiant energy and radiation pressure, by the 
way, adjust themselves so as to take up just their 
tiiare of this gravitational energy—-leaving the prop* 
erties of the gas to determine the stability of ths 
body. 

A pulsating star should vary periodically in diain^ 
eter, and also in surface temperature^ brightnciL 
color and speotrum. Now there are hundreds dl 
staisr-the Cepheid variables—which change in iU 
these respects, repeating their variations regulai^ 
for thousands of periods. The pulsation theory gbH 
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A gt>od aocoont of ahnost all their properties—^though 
it is not yet well understood why the rise in bright¬ 
ness should almost always be more rapid than the 
fall. They are brightest, and hottest outside, not 
when they are smaUest (and hottest inside), but when 
they are rapidly expanding, os if the heating effect 
took time to work out to the surface. They are 
all super-giant stars, of exceptional luminosity, and 
th^ periods, ranging from a few hours to a couple 
of months, are in good agreement with their probable 
densities. 

Forced changes in the natural spherical shape of a 
star would also lead to osciUations-—of shape, this 
time, and not of size—^but these would inrolve much 
smaller changes in internal energy, since some parts 
of the mass would be hotter while others were cooler, 
and are much less likely to lead to trouble. 

One more type of disturbance must be noted. If a 
mass of the hot gas deep down should be suddenly 
raised nearer to the surface^ it would expand to the 
degree permitted by the lowered pressure, and be 
cooled by a calculable amount. If the temperature 
gradient in this region is high enough, such a mass 
might find itself hotter than the surrounding gas, 
and therefore less dense, so that it would continue 
to rise of its own accord. In any such r^on, ascend¬ 
ing and descending currents would be set up, and 
continued until the too-rapid change of temperature 
had been smoothed out. This effect would operate to 
change the model on which the star was built, and 
may cause a good deal of trouble to the theoretical 
calculator, but it is not likely to upset the stability 
of a star—^though, if the convection currents are 
irregular, it might cause small irregular variability 
in brightness, as Eosseland suggests. 

Thermal disturbances within a star have to do with 
the balance between the production of heat within 
it and the loss by radiation. They act slowly, because 
the store of heat already inside a star is so great. For 
example, the sun^s interior contains, in the form of 
actual heat (disregarding potential energy of all 
kinds), enough to supply the present rate of radiation 
for some ten million years. If the supply of heat 
from subatomic sources were completely out off, a 
slow contraction would ensue; if it were doubled, the 
excess would be consumed in forcing an expansion 
against gravity at the same rate. Even if 100,000 
prears’ heat supply should be suddenly liberated (not 
at one point, of course^ nor too near the surface), the 
effect would only be to increase the radius by about 
one per cent.—accompanied by pulsations about the 
new value. This expansion, by Lane^s law, would 
lower the internal temperature. We have here' an 
epparent paradox. A gaseous star, considered as a 
Ylrfaole, has a negative speoifle heat; liberation of heat 


inside it cools it. The explanation is that the addition 
of this heat energy forces a much larger transfer of 
heat into gravitational potential energy—reminding 
one of the effect of a resisting medium in increasing 
the orbital velocity of a comet. 

Suppose now that we have a star in radiative 
equilibrium—and that the hypothetical disturbing 
agency not only diminishes its diameter, but at the 
same time abstracts from it the excess heat freed by 
the contraction—so that there is no longer any 
tendency to pulsate about the now radius. Under the 
changed conditions both the income of heat from in¬ 
ternal sources and the expenditure at the surface will 
be altered. If the two still balance, the new configura¬ 
tion will persist unchanged. If the income exceeds the 
outgo, the star will slowly expand, and return toward 
its initial state; it is secularly stable. In the opposite 
case, it is unstable, and will depart further and further 
from its original state. The condition for stability is 
therefore that the rate of heat production shall in¬ 
crease more rapidly, with increasing temperature and 
density, than the rate of outflow. It is easily verified 
that this also secures stability in event of a forced 
expansion. 

These changes are unlike the mechanical pulsations 
in two respects. First, they are vastly slower, with 
a time-scale of millions of years (tens of thousands 
for«the brightest giants), instead of days or months. 
Second, the return to “normalcy” is steady, without 
oscillations. 

Heat-Uberation by atomic synthesis increases very 
rapidly with the temperature, and satisfies the con¬ 
dition for stability; but heat production at a rate 
independent of pressure and density (such as arises 
from radioactivity) does not. 

There is, however, another more subtle danger to 
which our star is exposed. Any disturbance is likely 
to set it pulsating. When smallest, it will be hottest 
inside, and the rate of heat production will be greater 
than the average* This tends to make the rebound 
a little greater than the contraction which preceded 
it, and so to build up the pulsation with steadily in¬ 
creasing amplitude. This effect has a long time-scale, 
like the last—as Jeans has shown—^but it is ultimately 
serious. Eddington, who first pointed it out, sug¬ 
gests that it may be avoided by assuming that the 
heat-liberating process does not act instantly, but 
with a time-lag greater than the period of pulsation. 
This would “iron out” the irregularities and prevent 
trouble. Such a lag may easily occur in processes 
of atomic synthesis, provided that, as Atkinson sug¬ 
gests, the main liberation of heat occurs when the 
products at first synthesised break down. 

An increasing pulsation need not necessarily grow 
till it breaks up the star altogether—^it is entirely pos- 
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siblA thatv, whm the amplitude becomes considerable, 
secondary effects may slow up, and finally prevent, 
further increase of range. Stars for which the 
stability condition was not satisfied might then be 
started pulsating by the least disturbanoe, but the 
pulsation would increase only to a certain limit. The 
Cepbeid variables behave in very much this way; they 
are never more than three or four times brighter at 
maximum than at minimum, and the change in diam< 
eter (derived from the observed radial velocities of the 
expanding or contracting surface) does not exceed 20 
per cent, on each side of the mean. It is probable, 
though not proven, that these stars are actually un¬ 
stable, in the sense here discussed, but that their 
pulsations are self-limited. 

Jeans has shown that the tendency to pulsatory in¬ 
stability increases with the mass of a star. The 
Cepheids are among the most luminous, and hence 
presumably the most massive, of all stars. The period- 
luminosity relation among them—which has been so 
important in determining the distances of remote 
star-clusters and nebulae, may well represent the rela¬ 
tion between the mass of a star and the density at 
which this instability begins to appear. A really 
satisfactory theory of the energy-supply of giant 
stars should explain this relation as a by-product. 

(11) History of a Stab 

The probable life-history of a star presents the 
most difi&cult problem of all. It is natural that the 
path of advancing knowledge regarding the physical 
constitution of the stars is strewn with the corpses of 
dead theories of their evolution. We are not far 
enough along yet to possess the basis for really con¬ 
structive work on the subject. 

The conclusions which can be drawn from our pres¬ 
ent limited knowledge depend greatly upon our 
assumption regarding the source of stellar energy. If 
the greatest available supply is the synthesis of other 
elements from hydrogen, a star's mass will change 
very little during its whole life. Beginning, we may 
imagine, with large radius and low density, it will at 
first have to draw on its gravitational energy and 
contract after the manner discussed by Kelvin, until 
it gets hot enough inside to start the process of 
synthesis. It will then approach a steady state, in 
which it will remain, with little change in sixe or 
other observable properties, until the active material 
—whatever it may be—is nearly exhausted. Then it 
will again begin to contract, and grow hotter inside, 
pausing again, perhaps, if some new energy-liberat¬ 
ing process is ^'tum^ on^’ at a higher temperature. 
Fini^y, after all the available sources are exhausted, 
it will contract until degeneracy sets in at the center, 
mi then pass through inleme^te stages of the type 
discussed by Milne, into a State of great density. If 


its mass is small, it will be successively a white dwarf, 
a yellow dwarf and a black dwarf, finally ex¬ 
tinguished. If its mass is large, it may fM>ntraCt to ex¬ 
ceedingly small dimensions and be lost to all observa¬ 
tion. 

During this process its luminosity will increase 
slowly, till degeneracy sets in, and will fail rapidly 
as it becomes advanced. The maximum length of a 
star's life as a luminary—^between the times when it 
gets hot enough on the surface to be visible, and when 
it reaches the degenerate stage—^may be estunated by 
assuming that it was composed of almost pure hydro¬ 
gen at the start, all of which becomes transformed. 
The result varies greatly with the star's mass, being 
10^^ years for the sun, and not more than 600 million 
for a super-giant of mass 50 times and light 10,000 
times the sun’s. This lost figure is uncomfortably 
small; it makes the star's life shorter than geological 
time, and only four or five times longer than the 
interval during which light from the more distant 
nebulae has actually been on the way to our spectro¬ 
scopes. 

The relative lengths of time which a star will spend 
in different stages will depend upon the amount of 
transformable matter available to keep it going in 
each, and this, again, may depend on the breakdown 
of atoms formed in earlier stages or earlier in the 
existing stage (as Atkinson suggests). ELnowledge of 
these is essential to any detailed prediction of the 
stages in which the stars will linger long, and in which 
therefore the majority of them will be found. Till 
this becomes available, we may well hesitate before 
pronouncing one star to be older or younger, in years, 
than another. 

Suppose, for example, that there were many stars, 
of different masses, all composed of hydrogen and 
oxygen, or hydrogen and nitrogen, and all initially 
of very law density, and that the only prooeaa 
atomic synthesis is that discussed above. They would 
perform ^^Kelvin contractions” till their central 
regions reached, approximately, the temperatnrea 
possessed by the various stars of the main sequence, 
and then would settle down with the corresponding 
radii, densities and surface temperatures. A massive 
star might become stabilized, with spectrum of elass 
B, in a few hundred thousand years. A star of 
mass might take scores of millions to reach a spectrum 
of type K or M; but, after they had done so, both 
would remain substantially unaltered for a Ic^ m- 
tervaL 

The white dwarfs show apparently definite of 
senility I but even here'we must be on our guard 
againat dogmatism in attributing this to greater Ag)^ 
for we do not know whether they started wilA 
same composition as the othe^ or what has hii^j^cified 
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to them io the mefciitime. ^e faet that many of the 
known white dwarb are oomponents o£^ binary 
gyatems, whose otii&t members belong to the main 
seqnenee, saggests that, after all, they may not be 
mneh older than other stars—only more decrepit. If 
they have passed through suoh intermediate stages of 
eontraotion with very hot centers as have previously 
been described, it is hard to see how any hydrogen 
can be left inside them—^though their atmospheres 
mi^t still oontain it, as their speetra indicate. But 
it is well to be cautious. 

If aadihilation of matter takes place within the 
stars on a large scale, their lives may be hundreds 
of times longer, and a star, during its history, may 
diminish greatly in mass and in luminosity. The pos¬ 
sible life-histories may be much more compUoated, de¬ 
pending on how much mass is lost by the consumption 
of various kinds of expendable material in different 
stages. The early stages of large mass and great 
luminosity will be relatively short, and the final faint 
stages of very long duration. Provided that any in¬ 
destructible atoms remain, the final state is a black 
dwarf, as before. 

The great problem of the longer or shorter time¬ 
scale may find its solution in another way. The 
theory of the expanding universe indicates that at a 
relatively recent time—something like 10^® years ago 


—the univeise was probably either just beginning to 
expand perceptibly after a previous eternity of slty- 
gi^ess, or very much smaller than at present, and 
expanding rapidly. The latter type of theory— 
adopted in different form by Lemaitre, Tolman and 
de Sitter—leaves hardly time enough for much change 
even in a massive star, and certainly none for a star 
of smaller mass. If suoh an epoch of intense cosmic 
activity occurred in the relatively near past, the stars 
may be indeed all of the same actual age, and may, 
with few exceptions, still be almost fresh from the 
mint—in their first innings” as Eddington puts it. 
On Tolman’s hypothesis, the universe previously to 
this *'age of confusion” was contracting after a long 
history. It is perhaps permissible, and certainly at¬ 
tractive, to suggest that dense bodies like the white 
dwarfs may be survivors of this earlier world, which 
have come unscathed through the cataclysm. 

Once again, we lack many data necessary for a 
definite solution. We do not know whence the stars 
arose, nor what their histories have been. But so 
much of the nature of the greatest material objects 
in nature has already been revealed from the study 
of the minutest that there is better reason than ever 
to hope, with Eddington, ^Hhat in a not too distant 
future we shall be competent to understand so simple 
a thing as a star.” 
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ELIAKIH HASTINGS HOORE 

For forty years Moore has been a leading figure in 
the mathematical world. His fundamental researches 
have been reeognized by many honors bestowed here 
and abroad. He played a leading rfile in the conver¬ 
sion of a local mathematical society into the present 
national one and in the initiation of the research jour¬ 
nal of the nationalised society. He inspired and 
started on their research careers many of the younger 
generation. It is not possible to exaggerate Moore’s 
profound inflnence on the development of mathematics 
i]^»)kiii6rica. 

He was bom in Marietta, Ohio, on January 26, 
18624 He graduated at 'l^ale in 1883 and received his 
thsie in 1886. At the University of Berlin in 
1885-60, be was most influenced by Eroneeker, who 
like H^re bad an abstract type of mind. 

Young Moore taught at Tide for two years aud at 
!t4^»rtfairast^ University far four years. In 1902, 
Harper selected Moore to initiate the depart- 
mueA of matbematice at Chicago. With the effective 
et^ppori of two colleagues, Bolsa and Masohke, who 
were seasoned research men, Moore began with ^at 
to develop a research omter. 
flsita matured so favorably at Chicago that 


Moore could extend his influence elsewhere. He took 
an important part in the conversion of the New York 
Mathematical Society into the American Mathematical 
Society and in making the latter truly national. Prior 
to 1899, the society published a single journal, its B«Z- 
Utin* Moore was the first to foresee the rapid growth 
of research in mathematics in America and hence the 
need of an additional journal devoted exclusively to 
research. His influence was now so great that he was 
able to overcome the opposition to this expansion. 
Having been the father of the Transactions of the so¬ 
ciety, it was natural that he should serve as its editor- 
in-chief for the next eight years. Later he became 
president of the society. Ten years later (in 1921), 
be was elected president of the American Association 
for the Advancejuent of Science, the subject of his 
retiring address being “Wbat is a Number System f' 

Moore received numerous honorary degrees: Ph.D., 
Qfittingen, 1899; LL.D., University of Wisconsin, 
1904j Math-D., Clark University, 1909 (where he lec¬ 
tured on ^The Rdle of Postulational Methods in 
Mathematics”); Se.D., Yale, 1909; University of To- 
route, 1921; Northwestern and Kansas UniversitieB, 
1927. 

Since 1908, he has been aasociate editor of Bsndi- 
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del Circolo Matematico di Palermo. In 1924^ 
both the Mathematical Association of America and 
the National Academy of Sciences elected Moore a 
member of the American section of the International 
Mathematical Union. 

Accounts of Moore’s remarkable papers will appear 
in mathematical journals and in the ^^io^aphical 
Memoiis of the National Academy of Sciences.” The 
following classification of his papers shows that Moore 
devoted his first seven years of research largely to 
geometry, the next ten years to group theory and re¬ 
lated topics, then six years to classical analysis, and 
his final twenty years to general analysis. 

I, Geometry. Moore’s first four papers (1886-88) 
were mainly on n-dimensional geometry. In 1900-04 
and 1913 he wrote three more papers on geometry. 
More typical are his two papers (1902) on axioms of 
projective geometry. 

II. Groups. When Moore came to Chicago in 1892, 
group theory was the fashion in the mathematical 
world. His twelve papers on groups (189.1-1905) 
made fundamental advances. Moore’s gift for ab¬ 
stract reasoning was especially effective in group 
theory. On the closely related topic of triple systems, 
he wrote four papers (1893-98). Also two papers on 
Kronecker modular systems (1897,1907). 

III. Classical Analysis. Although he was especially 
interested in improperly definite integrals, Moore pub¬ 
lished (in 1901) only two papers on them. His eight 
papers on real variables appeared in 1890, 1895-90, 
1900, 1907. 

IV, General Analysis. This subject is entirely 
Moore’s own invention, and for the past twenty years 
he devoted his attention entirely to its development. 
In its final form, it is in MS. But with the aid of 
the Moore Fund (contributed by his many admirers), 
it is hoped that this MS. will soon be published in 
book form. 

The oldest version appeared in 1909 in Vol. 2 of the 
Proceedings of the Mathematical Congress at Rome. 
Next came his New Haven Mathematical Colloquium 
in 1910. In all he published thirteen papers on gen¬ 
eral analysis (1909-22) and three closely related 
papers on linear integral equations (1912-13). To 
attempt to explain the nature of general analysis in a 
few words would be as futile as to do the same for 
Einstein. The inquisitive reader may well consult 
Bolza’s introduction to Moore’s general analysis in 
Jahresbericht der Deutschen Mathematiker-Vereim- 
ffung, 23 (246-303), 1914. 

Moore’s work easily places him among the world’s 
great mathematicians. In America, his various accom¬ 
plishments made him the leader. But he was a leader 
who was universally loved, and this was because he 
was at the same time a prince of a man. 

L. E. Dioksok 


HARLAN WILBUR FISK 

Professor HARifA»r Wilbur Fisk, of Kensington, 
Maryland, magnetioian and chief of the section of 
land magnetic survey, Department of Terrestrial 
Magnetism, Carnegie Institution of Washington, died 
at the Washington Sanitarium, Takoma Park, Mary¬ 
land, on December 26, 1932, after a brief illness. 
Professor Fisk was bom at Geneva, Kansas, on Sep¬ 
tember 25, 1869, and received his early soientifie train¬ 
ing at Carleton College, North field, Minnesota, where 
he came under the inspiring influence of Professor 
W. W. Payne. During the period 1899-1906 he held 
the professorship of mathematics at Forgo College 
(North Dakota) and was dean of the faculty during 
1904-1906. He spent the summers of these three lost 
years at Fargo as magnetic observer in the employ 
of the U. 8. Coast and Geodetic Survey and in Octo¬ 
ber, 1906, he joined the staff of the Department of 
Terrestrial Magnetism of the Carnegie Institution of 
Washington in tl)e same capacity. He was succes¬ 
sively advanced to the positions of magnetioian and 
chief of the section of land magnetic survey. His 
field work, however, did not cease with his entrance 
into the department, for ho oarried out two detailed 
magnetic surveys of the Bermuda Islands in 1907 and 
1922, respectively, and led a magnetic-survey expedi¬ 
tion to British, Dutch and French Guiana in 1908. 
He also took part in various expeditions sent out by 
the department to investigate possible effects on the 
earth’s magnetism due to solar eclipses, the most recent 
of these being on the occasion of the total solar eclipse 
of last August, when he was in charge of the three 
parties sent to New England by the department for 
this purpose. During the last few years he has been 
engaged in important researches of the secular varia¬ 
tion of the earth’s magnetism based largely on data 
obtained under his supervision by observers of the 
Department of Terrestrial Magnetism. These studies 
led him to suspect that secular changes in the earth’s 
magnetism as observed on its surface might be the 
reflection of changes in the earth’s interior. His work 
along these lines was internationally recognised. 

Professor Fisk was a member of a number of 
scientific bodies, including the American Association 
for the Advancement of Science^ Washington Acad¬ 
emy of Sciences and the Philosophical Society of 
Washington. He was also an active member of the 
American Geophysical Union, being secretary of its 
section of terrestrial magnetism and deotrieity daring 
the period 1929-1932. He is survived by his widow, 
Louie B. Hubbell Fisk, and four children, Clarence 
Wilbur, Marion Sarah, Willis Hubbell and Erneet 
Harlan. 

Professor Fisk was a man of broad interests irbo 
took a leading part in the oivio and relig^oos activities 
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of his eommonity. Ho was held in the highest esteem 
by all his friends and colleagues because of his charm* 
ing personality and sterling qualities of character. 

Jno. a. Fleming 
RECENT DEATHS 

William Franklin Edwards^ director of research 
for the U. S. Testing Company^ New York City, for¬ 
merly president of the University of the State of 
Washington, died on January 13, at the age of sev¬ 
enty-seven years. 

Db. Edward N. Brush, professor emeritus of psy¬ 
chiatry of the University of Maryland and the College 
of Physicians and Surgeons in Baltimore, died on 
January 10 in his eighty-first year. 


PBoyBSSOR John Glaisteb, who held the chair of 
forensic medicine in the University of Glasgow from 
1898 until 1931, when he was succeeded by his son, 
Professor John Glaister, has died at the age of sev¬ 
enty-six years. 

Cecil Fowler Beadles, curator of the pathological 
department of the Royal College of Surgeons, London, 
died on January 3 at the age of sixty-six years. 

Db. Elie Ivanoef, of Moscow, specialist in artificial 
fecundation, who had many mammalian hybrids to his 
credit, died last year in Russian Turkestan, to which 
place he had gone, financed by the Soviet Govern¬ 
ment, for the purpose of producing hybrids between 
man and the chimpanzee, on which work he was en¬ 
gaged at the time of his death. 


SCIENTIFIC EVENTS 


RESOLUTION ON TECHNOCRACY OF THE 
AMERICAN ENGINEERING COUNCIL 

The following resolution was passed at the recent 
meeting of the American Engineering Council in 
Washington condemning the claims of technocracy: 

The statements of a group of men organized under 
the name ** technocracy' ^ have received wide publicity 
through the press by reason of startling predictions 
which involve a complete overturn in our economic struc- 
*ture. These pronouncements, circulated as coming from 
engineers, have led to the belief that they represent prac¬ 
tical engineering thought. 

Many requests for information on technocracy have 
come to the American Engineering Council, which is the 
representative of national, regional and local engineering 
societies in the United States. 

The council has endeavored to obtain from the pro¬ 
moters of the movement an authoritative statement of 
their findings and their program. It is significant that 
no information could be obtained beyond what has ap¬ 
peared in the press. 

The accepted practice among engineers of presenting 
new developments to some engineering society for crit¬ 
ical study and discussion has not boon followed. The 
data and statistics brought forward in magazine and 
newspaper articles as a basis for speculative claims are 
open to question; some of?the findings have been dis¬ 
credited or disproved by other investigations. 

These statements and conclusions may have the serious 
effect of undermining public confidence in our present 
eivilization, and they hold out an unwarranted proipise 
of"'a quick solution of economic ills. The method of 
presentation has been marked by exaggerated, intolerant 
and extravagant cloinus. They have capitalized the fears, 
migerles and uncertainties due to the depression and 
have proposed a control which is, in effect, class dic¬ 
tatorship. 

OentrOry to these claims, ^ere is nothing inherent in 
teobhioal improvement which entails economic and social 


maladjustments. Indeed technology offers the only pos¬ 
sible basis for continuing material progress. The vol¬ 
ume of goods produced, distributed and consumed during 
the years 1928 and 1929 was not excessive. That volume 
may and should be surpassed upon the return of pros¬ 
perity. 

The alleged unmanageability of a machine economy 
has not been proved. Its dislocations ore traceable to 
improper and unskilled use rather than to inherently 
harmful characteristics. Complete replacement of men 
by the machine is precluded by the law of diminishing 
^iturns. Instances are increasingly in evidence. Con¬ 
trary to the pronouncements of technocracy, applied 
science bolds the promise of bettor things to come in a 
society which fearlessly and intelligently meets its prob¬ 
lems. It is the considered opinion of American Engi¬ 
neering Council that our present economic structure con¬ 
tains within itself the possibilities of progressive im¬ 
provement and of the attainment of higher standards of 
living. 

THE AMERICAN SOCIETY FOR TESTING 
MATERIALS 

The thirty-sixth annual meeting of the American 
Society for Testing Materials will be held in Chicago 
during the week beginning on Juno 26. This week has 
been designated “Engineering Week” by the Century 
of Progress Fair authorities and Wednesday, June 28, 
has been designated ‘^Engineers' Day.” 

The Hall of Science will house extensive exhibits of 
a technical nature both in pure and in applied science. 
They will be of special interest, since they will in gen¬ 
eral deal with processes and nqt merely products. 

The fair opens officially on June 1 and will be in 
full flwing during “Engineering Week.” During this 
week and daring the preceding week, designated “Sd- 
enoe We^” special programs will be given in keep¬ 
ing with the aims and activities of the many societies 



82 

holding meetings* On Engineers* Day, Wednesday, 
June 28, all the societies will join in an extensive pro¬ 
gram. Special trips and programs will be arranged 
at the fair. In the evening a dinner will be arranged 
at which will be present engineers and scientific men 
from this country and abroad. The society is taking 
an active part in plans for Engineers’ Day and it is 
possible that some of the customary features of an an¬ 
nual meeting will be merged with the general plans. 

iThe following organizations have signified their in¬ 
tention of participating: 

American Association of Enginoers 
American Ceramic Society 
American Foundrymen’s Association 
American Institute of Architects 
American Institute of Electrical Engineers 
American Institute of Mining aad Metallurgical Engi¬ 
neers 

American Society for Testing Materials 
American Society of Agricultural Engineers 
American Society of Civil Engineers 
American Society of Heating and Ventilating Engineers 
American Society of Mechanical Engineers 
American Society of Municipal Engineers 
American Society of Befrigerating Engineers 
Institute of Badio Engineers 

National Association of Practical Befrigerating Engi¬ 
neers 

National Council of State Boards of Engineering Ex¬ 
aminers 

Society of Industrial Engineers 

Society for the Promotion of Engineering Education 

Western Society of Engineers 

Among the technical features being arranged for the 
thirty-sixth annual meeting, there are the S 3 ^p 0 Bium 
on Cast Iron, the discussion on Significance of Tests 
of Concrete and Concrete Aggregates, and an exten¬ 
sive report dealing with physical properties, corro¬ 
sion-resistant* data, etc., of light metals and alloys, in 
which field this committee functions. 

THE NEW YORK BOTANICAL GARDEN 

Nine new corporate members of the New York Bo¬ 
tanical Garden were elected at the annual meeting of 
the corporation held on Monday, January 9, at 2 p. m., 
in the office of Henry W. de Forest, president, at 165 
Broadway, New York City. 

They are; Joseph R. Swan, president of the Guar¬ 
anty Trust Company; Arthur M. Anderson, a partner 
in J. p4 Morgan and Company; Dr. William J. Boni- 
steel, professor of botany at Fordham University; 
Richardson Wright, author and editor of House and 
Garden; Raymond H. Torrey, nature study leader; 
Captain Henry B. Holman, of Pelham Manor, known 
as a lover of trees; Robert H. Montgomery, owner of 
unusual collections of fjonifers and palms on his two 


estates, one near New York and ohe in Florida; 
George Arants, Jr., financier and owner of an estate 
in Bye^ and Miss Mabel Choate, a danghtw of the 
late Joseph H. Choate. 

Arthur M. Anderson was elected as a manager to 
fill one of the vacancies caused by the deaths of 
Robert W. de Forest, Edward D. Adams and Frank 
E. Sturgis. Managers reelected to succeed themselves 
for three years are Henry W. de Forest, Clarence 
Lewis, Dr. Lewis R. Morris, N. L. Britton, founder 
and director-emeritus of the Garden, E. D. Merrill, 
director, and Henry de la Montagne, Jr., business 
manager. 

In recognition of their gifts of important herbarium 
material, Frank W. Johnson and Kenneth E. Mac¬ 
kenzie were elected fellows for life. Mr. Johnson’s 
contribution is of approximately 40,000 specimens of 
North American flora, while Mr. Mackenzie’s gift of 
60,000 specimens includes an especially complete col¬ 
lection of sedges, of which he has made a special 
study. Dr. Johnson is on the editorial staff of the 
P. F. Collier and Son Company, while Mr. Maekenxie 
is a practicing attorney. 

In his annual report, Dr. E. D. Merrill, director, 
paid tribute to members of the staff and their assis¬ 
tants who have pursued their work diligently in the 
face of severe retrenchments both in salaries and 
money for equlpm^. He said: 

In spite of continued unfavorable economic conditions, 
in spite of reduced income, in spite of the fact that 
many suggested and desirable Innovations eonld not be 
developed because of the financial situation, and in spite 
of the fact that in an attempt to balance the budget, 
salary reductions totaling $2S,S86 had to be made, defi¬ 
nite progress has been made in various^ fields, and sev¬ 
eral Important new projects have been developed. Much 
that has been accomplished has been due to the loyalty 
and interest of staff members who have maintained their 
morale in the face of discouraging circumstances. 

An important innovation for the New York Bdtan- 
ioal Garden the last year has been the establishment 
of the school for gardeners and special courses for 
professional gardeners, the first of its kind opened in 
this country. Dr. Merrill writes: 

Financial provision for the publication of the results 
of research by staff members should be made, if possible, 
to obviate the present discouraging outlook WbiSh is 
essentially to the effect that many researches, no inatter 
how meritorious or how important, mast resfiain unpub¬ 
lished. Staff members, while eontmt witli a Hroited 
income and an opportunity to prosecute soientiflc work, 
are no longer content when there is coupled the haudi* 
cap of inability to publish Ihe restdta of their teseatd^. 

Lastly, the difficult period through whiifik fibe 
Hon hue been paaring during the pMt three und 
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the practical Impoacibilitsr of m a king adjastmaats to 
meet the aitnation in reference to superannuated em- 
plo/ee in the entire absence of anj* pension system, 
leads me to urge the establishment of an equitable con- 
tribntory pension system just as soon as this becomes 
eoanomically feasible. 

OFFICERS OF THE WASHINGTON ACADEMY 
OF SCIENCES 

Thb result of election of the officers for the Wash¬ 
ington Academy of Sciences was announced at its an¬ 
nual meeting as follows: 

President, Robert F. Qriggs 

Ifon-reeident Vice-preeidentSj F. A. Vening Meiness, Ed¬ 
ward A. Birge 

Corresponding Secretary, Paul E. Howe 
Bsoording Secretary, Charles Thom 
Treasorer, H. G. Avers 

Menibers of the Board of Managers tor the three-year 
term ending January, 1936: M. €. Hall, S. A. 
Bohwer 

Vice-presidents representing the various affiliated socie¬ 
ties of the academy: 

Anthropological Society, N. M. Judd; Archeological 
Society, J. Townsend Bussell; Bacteriological Society, 
K. E. Smith; Biological Society, H. K. T. Jackson; 
Botanical Society, C. L. Shear; Chemical Society, E. 
Wichers; Columbia Historical Society, Allen 0. Clark; 
Electrical Engineers, E. C. Crittenden; Entomological 
Society, Harold Morrison; Geological Society, F. E. 
Matthes; Helminthological Society, G. Steiner; Mechan¬ 
ical Engineers, O. P. Hood; Medical Society, H. C. 
Macatee; Military Engineers, G. H. Birdseye; National 
Geographic, F, V. Coville; Philosophical Society, H. L. 
Curtis; Society of Foresters, F. 0. Craighead; Washing¬ 
ton Engineers, N. H. Heck. 

At this meeting the affiliation of the Washington 
Section of the Institute of Radio Engineers with the 
academy was approved. 

The new president, Professor Robert F. Griggs, is 
professor of botany at George Washington University. 
Dr. Griggs has been in charge of a number of ex- 
pemons to Puerto Rieo, Guatemala, Texas and 
Alaska, the best known of which was the one to the 
Yidley of Ten Thousand S|nakes. 

AWARD OF THE CHANDLER MEDAL 

Da. Gbobob Ouvids Cueicb, vice-president and di- 
of researdi of the Carbide and Carbon Chbm- 
ieak Corporation, has been awarded the Chandler 
Medal for 1933, aoebrding to an annooneement made 
by Professor Arthur W. Hixson, of the d^artment of 
etos^eal engineering in Colun^a University, ehair- 
of the award eonunktee. 

" Chandler Modal and Leoture^p were insti- 
Inifed li^ Mends of tike late Professor Charles 

Ftrodearidk Chandler, of Columbia University, pioneer 


in industrial chemistry and a founder of the Amei^ 
lean Chemical Boeiety. 

The aliphatic chemicals with which Dr. Gurme has 
worked are open chain compounds, such as fatty acids, 
hydrocarbons, alcohols, esters and ethers. Of his work 
Professor Hixson writes; 

Although the achievemeuts of Dr. Corme are only now 
beginning to be recognized, it is of aignificant impor¬ 
tance that his ideas and his thoughts as expressed to bis 
intimate friends have changed but little in the dfteen 
years that have elapsed since he began this work. He 
saw clearly in 1915 and 1916, before anybody else ap¬ 
preciated the possibilities, just exactly what is happen¬ 
ing to-day in the field of aliphatic chemistry and he 
predicted in those days the industrial use of these 
aliphatic compounds in quantities reaching into the mil¬ 
lions of pounds per month, although at the time only 
test-tube quantities were available. 

The achievements of Dr. Ourme are many. His orig¬ 
inal work involved the production of acetylene, the 
thermo-decomposition of mineral oil inducted by sticking 
an electric arc beneath the surface of the oil. This was 
done in 1915-16. 

Subsequently he has worked out practical methods for 
the production of ethylene glycol, ethylene dichloride, 
ethylene ohlorbydrin, ethylene oxide, diethyl sulfate, 
diohlor ethyl ether and many other compounds. Most 
of this work has been patented. 

Dr. Ourme ’b greatest achievement has not been solely 
the working out of laboratory methods for making the 
compounds mentioned above, but in translating these 
laboratory applications to large-scale manufacturing 
processes. As is well known to-day, the production of 
ethylene glycol, ethylene dichloride, ethylene chlorhydrin 
and some of the other compounds mentioned runs into 
many millions of pounds annually. 

More recently his early work in connection with the 
production of synthetic isopropyl alcohol and acetone has 
been commercialized and these products are now avail¬ 
able on a large scale. He is considered one of the great¬ 
est living exponents of aliphatic chemistry. 

The achievement that has attracted the most public in¬ 
terest has been the manufacture of synthetic ethyl alco¬ 
hol, which was put into production in a large way during 
April, 1930, but the preliminary work for it had been 
done and the process well outlined over ten years ago. 

Among the previous Chandler medalists are Dr. Leo 
H. Baekeland, president of the Bakelite Corporation, 
New York City; Dr. Irving Langmuir, associate di¬ 
rector of research for the General Electric Company; 
Dr. Willis R. Whitney, director of research for the 
General Electric Company; Professor Moses Gom- 
berg, of the University of Michigan; Professor P. 
Gtowlhnd Hopkins, University of Cambridge, and Pro¬ 
fessor James Bryant Conant, chairman of the Division 
of Chemistry of Harvard University. 

fonnal presentatiou of the medal will take 
place at Columbia University early in March, when 
Dr. Cnnne will deliver the anntial Chandler lecture. 
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SCIENTIFIC NOTES AND NEWS 


F, Tbdbbe Davison, assistant secretary of war in 
charge of aeronautics, was elected president of the 
American Museum of Natural History to succeed Pro¬ 
fessor Henry Fairfield Osborn at a meeting of the 
board of trustees held on January 9, Dr. Osborn, 
who has been president of the museum for twenty-five 
years, was elected honorary president. Mr. Davison 
has been a trustee since 1923, when he succeeded bis 
father, the late Henry P. Davison. 

Db. Hermann Wetij, professor of mathematics at 
the University of Gottingen, who was the Thomas D. 
Jones research professor of mathematical physics at 
Princeton in 1926 and 1928, and Dr. James Waddell 
Alexander, professor of mathematics at Princeton 
University, have been appointed professors in the In¬ 
stitute of Advanced Study at Princeton. This brings 
the number of professorships in the faculty of mathe¬ 
matics to four, the appointments previously made 
being those of Dr. Albert Einstein, of Berlin, and of 
Dr. Oswald Veblen, of Princeton. Dr. Solomon Lef- 
Bchetz, professor of mathematics at Princeton Univer¬ 
sity, has been appointed to the Henry Burchard Fine 
chair of mathematics to succeed Professor Veblen. 
The school of mathematics of the institute jointly 
with the faculty of mathematics of Princeton Univer¬ 
sity will issue the Annals of Mathematics under a 
board of editors selected from each of the two institu¬ 
tions. 

Db. J. Jackson, chief assistant at the Royal Obser¬ 
vatory, Greenwich, has been appointed H. M. Astron¬ 
omer at the Cape Observatory, South Africa, in suc¬ 
cession to Dr. H. Spencer Jones, recently appointed 
Astronomer Royal at Greenwich. 

Dr. P. Zeeman, professor of experimental physics 
in the University of Amsterdam, and Dr. T. Levi- 
Civita, professor of mathematics in the University of 
Rome, have been elected foreign associates of the 
Royal Academy of Belgium. 

We learn from The British Medical Journal that on 
the occasion of the celebration of the tercentenary of 
the foundation of Dorpat University, fifty doctors, 
honoris causa, were created. These included Sir A. 
Smith-Woodward, of the Royal Society; Professor 
James Young Simpson, of the University of Edin¬ 
burgh; Professor A. Birch-Hirschfeld, of Konigs- 
berg; Professor Q. Liljeatrand, of Stockholm, and 
Professor L. Martin, of Pans. 

Pbopessoes F. a. F, C. Went, of Utrecht, and 
F. F. Blackman, of Cambridge, have been elected oor- 
responding members of the American Society of Plant 
Physiologists, 

Db. Gborge a. Sopbb, consulting engineer, New 


York, has been made an honorary fellow of the Eoyal 
Sanitary Institute of Great Britain. 

Many tributes to Dr, William B. Coley, surgeon, 
were paid at a dinner recently held in the Waldorf- 
Astoria, New York City, in honor of his seventy-first 
birthday and his retirement from Memorial Hospital 
after twenty-one years’ service. More than two hun¬ 
dred guests attended. Among the speakers were Dr. 
James Ewing, director of Memorial Hospital; Dr. 
Charles W. Mayo, of Rochester, Minnesota; Dr. John 
M. T. Finney, of the Johns Hopkins University; Dr. 
George Davis Stewart, of the American College of 
Surgeons, and Dean Frederick S. Jones. 

Peofessoe W. Manspibia) Clark, De Lamar pro¬ 
fessor of physiological chemistry of the Johns Hop¬ 
kins University, was elected president of the Society 
of American Bacteriologists at the meeting held in 
Ann Arbor; Professor M. J. Rosenau, professor of 
preventive medicine and hygiene at the Harvard 
Medical School and professor of epidemiology in the 
Harvard School of Public Health, was named vice- 
president, and Professor James M. Sherman, pro¬ 
fessor of bacteriology and dairy industry and head of 
the department at Cornell University, was reelected 
secretary-treasurer. 

Db. Edwarb Sapir, Sterling professor of anthro¬ 
pology and general linguistics at Yale University, has 
been elected president of the Linguistic Society of 
America. 

De. Jambs Ramsay Hunt, New York, was elected 
president of the Association for Research in Nervous 
and Mental Disease at the close of the recent annual 
meeting in New York. Drs. Charles Macfie Campbell, 
of the Harvard Medical School, and Earl D. Bond, 
Philadelphia, were elected vice-presidents. 

The Royal Astronomical Society of Canada has 
elected officers for 1933 as follows: President, Dr. R. 
K. Young, associate professor of astronomy, Univer¬ 
sity of Toronto; Honorary President, Mgr. C, P, Cho- 
quette, Montreal; First Vice-president, Dr. Ladilan 
Gilchrist, University of Toronto; Second Vice-presi¬ 
dent, Dr. Ralph E. DeLury, Dominion Observatory, 
Ottawa; General Secretary, R. A, Gray, Toronto; 
General Treasurer, J. H. Homing, Toronto. Dr. E. 
K. Young gave the presidential address on **The Trend 
of Astronomy” at the University of Toronto on Janu¬ 
ary 17. 

Dr. Carl H. Lbnhart has been appointed to fill the 
newly established chair of surgery at Western Reserve 
University, made possible by an anonymous gift of 
4300,000 in honor of Colonel Oliver H. PaYue. 
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Db. Albibt Fxbohsb, wlio has for several years been 
director of the laboratory for cellular physiology at 
the Kaiser Wilhelm Institute in Berlin, has returned 
to Copenhagen as director of the new institute for re¬ 
search in expezimental biology established through the 
cooperation of the Rockefeller Foundation, the Carls- 
berg Foundation and the Danish government. 

De. W. L. Sohmitt left Washington on January 5 
to join an expedition sponsored by Allan Hancock, 
of Los Angeles. An intenuve zoological investigation 
of the fauna of the Galapagos Islands and the ad¬ 
jacent mainland is planned during the three months 
that the party will be in the field. 

De. AiiVEED F. Hess, New York City, will give the 
Ingleby Lectures at the University of Birmingham in 
the summer term of 1933. 

The Terry Lectures at Yale University will be given 
by Professor Herbert S. Jennings, professor of zool¬ 
ogy at the Johns Hopkins University, who in three 
addresses will speak on ^What Outlook on the Uni¬ 
verse does the Study of Biology Yield t” 

The annual Alpha Omega Alpha Lecture of the 
Jefferson Medical College, Philadelphia, was delivered 
by Professor Herbert M. Evans, of the University of 
California, on January 11, on ‘‘The Hormones of the 
Anterior Hypophysis.” 

Pbofbssor Hugh S. Taylor, chairman of the de¬ 
partment of chemistry at Princeton University, will 
give a lecture on the evening of January 20 before 
the New York University Chapter of the Society of 
Sigma Xi on “The Concept of Speed in Chemical 
Ructions.” 

Dr. Carlyle Jaoobsek, of Yale University, spoke 
on January 16 before the psychological section of the 
New York Academy of Sciences on “The Effect of 
Lesions in the Frontal Lobe on Habit Formation.” 
The address was illustrated by motion pictures of 
chimpanzees and monkeys. 

The Sigma Xi Club of the University of Florida 
held two meetings during the month of December. 
At the first, which was an open meeting, Dr. J. H. 
Brown, of the Johns Hdpkins University, lectured 
Concerning milk sanitation and public health. At the 
second, the department of biology entertained the club 
witit a discussion of their research work and an exhibit 
at research apparatus, technique and colleotions of 
material 

De. James P. Warbasbb has inaugurated a discus¬ 
sion course on “Medical Sociology” at the Long Island 
College of Medieine, This is a required course for 
the students in their second year and is designed to 
stimulate them to realize the relationship of the 
physician not only to the profession but to society. 


Marquees and the Land Agent: A Tale of 
the EighteenGi Century” was the title of the presi¬ 
dential address of Professor G. N. Watson, professor 
of mathematics at the University of Birmingham, at 
a recent meeting of the Mathematical Association. 
The address consisted of a technical exposition of the 
researches of two eighteenth-century mathematicians, 
G. C. di Fagnano, Marchese di Toschi, and John 
Landen, on the rectification of curves. Their re¬ 
searches preceded the discoveiy of elliptic functions. 

At the annual conference of the Geographical As¬ 
sociation which opened in London on January 4 at the 
London School of Economics, under the presidency 
of Dr. H. R. Mill, an exhibition of books, maps and 
appliances for the study of geography was given by 
Mr. G. A. German. A lantern lecture was given by 
Mr. J, M, Scott on “The British Arctic Air Route Ex¬ 
pedition of 1930-31.” Dr. Mill's presidential address 
was entitled “An Approach to Geography.” 

The Rockefeller Foundation recently authorized a 
grant of $20,000 to the Biological Laboratory at Cold 
Spring Harbor, to be applied in support of its work 
in 1933. 

Mb. Eldridoe R. Johnson^, of Philadelphia, has 
placed his yacht Caroline at the disposal of the Smith¬ 
sonian Institution for an exploration of the West At¬ 
lantic Deeps, with sufficient funds to accomplish that 
end. This work has been placed in charge of Dr. Paul 
liartsch, who has been busy for the post month gath¬ 
ering the necessary equipment and staff for such an 
undertaking. The exploration is to cover a period of 
four years. The first cruise set sail on January 17 
from New York Harbor, and is intended to last until 
March 23. 

During the months of January and February an ex¬ 
hibition of the “Atlas of the Historical Geography of 
the United States,” a recent joint publication of the 
American Geographical Society and the Carnegie In¬ 
stitution of Washington, is being held at the house of 
the society in New York City. All the maps in the 
atlas are on display and a member of the society's staff 
is present to explain them to visitors. The exhibition 
is for the benefit of fellows and friends of the society 
and of teachers of history and geography in the 
schools of Now York City and vicinity who may wish 
to familiarize themselves with the atlas. 

The annual report of the Gorgas Memorial Insti¬ 
tute of Tropical and Preventive Medicine, covering 
the activities of the Gorgas Memorial Laboratory in 
Panama, for the period November 1, 1931, to October 
30, 1932, has been made public. According to a sum¬ 
mary given in the Journal of the American Medical 
Association, a study was made on the effect of mass 
treatmemt of malaria in a native population in 
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Panaioa, with quitiBe and plaBmoohin. In July, a 
station was established in the basin of the Tuira River, 
Province of Darien, where attention is being given to 
treatment of yaws with carbarsone and other drugs 
without the use of injection methods in an attempt 
to develop an oral treatment. Research was carried 
on in regard to the protozoologic, immunologic and 
pathologic features of malaria in Panama monkeys. 
Work was done to determine the susceptibility of local 
monkeys to trichinae, and whether they develop an im¬ 
munity as do rats. Other investigations include those 
on the protozoa of the alimentary and genital tracts 
of the monkeys; anthropology and collection of skulls; 
genital tracts and uterine contents of monkeys and 
other animal life. Special studies on malaria in un¬ 
protected, insanitated areas were carried on in five 
river villages located on the Chogres River banks. 
Mass treatment for the entire population was given 
to prevent mosquito infection. The financial report 
disclosed that the total cash disbursements for the 
year were $47,484, an excess of $6,332 over the total 
cash receipts. 

The Field Museum of Natural History, Chicago, 
reports an attendance of 1,824,202 during 1932. In 
addition 700,000 persons, mostly children, were reached 
by the extension departments. The number of visitors 
exceeded the number in any past year and represented 
an increase of about 20 per cent, over 1931. It was 


the itiith oonseoutive year in whieh attendance exceeded 
one million, and during the last live years the museoia 
has had approximately 1,000,000 more insitois than 
during the entire twenty-five years of its existence be- * 
fore occupying its present Grant Park site, to which 
it moved in 1921. 

The Board of Directors of The Journal of Expert* 
mental Zoology, at a recent meeting held in New York, 
voted to dissolve the corporation and turn over to the 
Wistar Institute the journal and all its assets. The 
modest endowment held by the corporation is to be 
held in trust by the Wistar Institute for the benefit 
of this journal. The Journal of Experimental Zoology 
has been published by the Wistar Institute since 190S. 
Its editors were the directors in a corporation which 
held title to the journal and the fund originally pro¬ 
vided for its establishment. The editorial board will 
continue as it is and will be self-perpetuating. There 
will be no changes in editorial policy or publication 
management. 

A “lanuino field” for birds traveling north and 
south has been provided by condemnation proceed¬ 
ings in the Federal Court as a result of which 8,24i0 
acres in Dorchester County, Maryland, will be taken 
by the government at $14 an acre. The bird sanctuary 
is being established as a result of a treaty with Great 
Britain which provides for the care of migratory birds 
which travel from Canada. 


DISCUSSION 


HAMILTON RED BEDS IN EASTERN 
NEW YORK 

At the Toronto meeting of the Geological Society 
of America, the writer made the revolutionary an¬ 
nouncement that the type Catskill red beds of the 
Catskill Mountain front had proved to be wholly of 
Portage age or older, thus much lower than the so- 
called “Catskill” rods farther west and actually below 
rather than above the Chemung, Extensive inter- 
flngcring of heavy masses of continental red shales 
with upper and middle Hamilton faunal zones at the 
extreme east (Albany and Greene counties) was also 
reported. Subsequently^ he has employed the name 
Kiskatom (kis'katom') red beds for this lower por¬ 
tion of the original Catskill group that belongs to the 
middle instead of the upper Devonian. This is the 
portion formerly falsely identified as “Oueonta”; the 
true Oneonta has been found to go much higher in 
the Catskill front and to correspond largely with the 
so-called “restricted Catskill” there. 

Dr. Arthur G. Cooper's field work this summer, 
with which he has kept me informed, has shown that 
the top of the Hamilton (middle Devonian) goes even 

Siaiee OU and Qae Weehly, September 2, 
im, Vol I, No. 17, p. 7. 


higher in the red beds than I had supposed. The 
publication of his results will be awaited with great¬ 
est interest, but meantime it seems wise to extend the 
term Kiskatom, following the original intention, up 
to the top of the middle Devonian reds, until such 
time as these may submit to stibdivLsion in the field. 

The entire classification of the upper Devonian from 
central Ohio to eastern New York has been rebuilt dur¬ 
ing the fifteen field seasons now closing. The ooirela- 
tions demanded by the field relations are extensively 
summarized in other publications now appearing. In 
general, the great thickening of all these sediments 
eastward oarries the horizons higher and higher in 
that direction than was previously believed, diagonidly 
across those overlapping facies that formerly were in¬ 
correctly used for correlation. From west to east the 
reds (“Catskill”) are of suceessively older time: 

7. Oattaraugufl (Bradfordian); 

6, Blossburg (of Goarad; late Chautauquan but post* 
Chemung); 

5. Montrose (of Vanuxem; upper Obemung or 
burg); 

A Catawissa (lower Chemung or Ohyuta}^ 

8. OatskiU proper (of Enfield Or upper Fortage 
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2, Oneonta (of Itliaca or lower Portage age); 
1. Kiekatom reds (of Hamilton age). 


Strietly speaking^ the type Oneonta is only the 
upper Ithaca (Cinoinnatus), but no name is yet avail¬ 
able for the red equivalents of the lower Ithaca 
(Otaelio), nor oan we yet separate at east the Sher- 
bume-Genesee horizons from these, though probably 
present. The original Gatskill included 1 to 3, but in 
the later subdivision the Kiskatom was znisidentidod as 
Oneonta, while the term Catskill was restricted to 2 
and 3, including thus the true Oneonta strata. To 
keep as close as may be to the intention of these 
writers, it is proposed to maintain the name Oneonta 
for all beds properly so correlated, meantime push¬ 
ing the restricted term Catskill up to the still higher 
beds forming the peaks of all the true or eastern Cats¬ 
kills, whose age has been proved to be Enfield (upper 
Senecan). It is clear, however, that this name Catskill 
can no longer properly be used for those red beds 
farther west in Pennsylvania and New York that are 
of later and various ages, though they happen to 
possess the same continental facies. 

Radical as these revisions may seem, that have put 
the “Portage” of Ohio far above the Chemung and 
the Catskill below the latter, it has nevertheless been 
our uniform experience that our mistakes were those 
of not going far enough. The field facts have forced 
us farther and farther from the long-accepted ideas. 
The future may force still greater departures. An , 
indication of this is the unpublished field work of Mr. 
Charles E. Pralich, of Bradford, Pennsylvania 
(Torrey, Fralioh and Simmons), on the Standish flags 
of the upper Genesee, showing a great eastward ex¬ 
pansion of these and their equivalence to the “Sher¬ 
burne” beds at Ithaca, formerly referred to the 

Portage. Gkorgb H. Chadwick 

Gatskill, N. Y. 


NO METEORITE 

Ih the Pittsburgh Gaiette of November 16, 1932, 
u^der the caption “Inspecting Sky Visitor,” was a 
pfQ column picture of a girl sitting on a table beside 
a large rock. Underneath it was the following state- 
nwt; “A piece of a 206^pound meteorite, found two 
yeats ago by J. G. Shaw, Northside editor, in a field 
in Ciarioii (3ounty, is shown in the above photograph. 
Interest in the meteorite and the history of its fall to 
#a 9 (th in a Clarion County oat field in 1896 was inien- 
hy the promised display of Leonids, which were 
^e shortly l^ore day%ht <^i6 morning.” 
i wrote at once to Mr. Shaw, the editor of The 
8id0 ledger, Pittsburgh, Pennsylvania,' and 
date of Kovember 21 he replied that one night 
1896, a meteor was seen by people driving 
It aqtpemed to land right beside them in a 


field about 150 feet from the road. The horses were 
so frightened that they ran away. A day or two 
later one of the party returned to the field and “found 
a boulder near where an oat shook had been set on 
fire and destroyed by either the sparks or heat from 
the yet warm meteorite. Nearly one half of it was 
found to be of iron composition and the remainder 
stone.” 

This is the stone now on exhibition in the office of 
The North Side Ledger, 715 West Diamond St., N. S., 
Pittsburgh. The iron portion was broken off years 
ago and is believed to be in the possession of a Mr. 
Swank, brick manufacturer, at Johnstown, Pennsyl¬ 
vania. 

On receipt of Mr. Shawls letter, I wrote to Pro¬ 
fessor Charles R. Pettke, head of the department of 
geology, Carnegie Institute of Technology, Pittsburgh, 
requesting that he examine the stone and give an 
opinion as to whether it is a meteorite. Professor 
Pettke’s reply of December 7 is exceedingly interest¬ 
ing; 

I had an opportunity this afternoon to examine the 
so-called ‘ ^ meteorite ^' on exhibition at tho office of J. 
G. Shaw, editor of The North Side Ledger^ and found it 
to consist of a large boulder of mediuna-grained quartz 
sandstone. It is full of fossil plant fragments, largely 
compressed stems and branches, some of which are on 
inch or more in width. Carbonized plant tissues are 
associated with some of tho fossils. Tho boulder has 
undoubtedly been derived from one of the sandstones of 
Pottsville or Allegheny age cropping out in the locality 
where it was found. A coating of limonite may possibly 
have occurred on the part which is said to have been 
removed and which is now owned by Mr. Swank, of 
Johnstown. 

This proves that the stone in Mr Shaw’s possession 
is not of meteoric origin. Possibly a small meteorite, 
maybe only an inch in diameter, struck and ignited 
the oat shock, and buried itself in the ground. It 
may be concluded that if a meteorite landed in Clarion 
County, Pennsylvania, one night in August, 1896, it 
has not been found. 

R. W. Stone 

Pennsylvania Geological Sxjbvkt 

MORS PRESH-WATER MEDUSAE 

Evidently the rare and disoontinuously distributed 
fresh-water jellyfish, Craapedaouata ryderi (Potts), is 
appearing from time to in various parts of the 
country, and possibly oftener than reported in scien¬ 
tific literature. I am addijig a record of the discovery 
ot this medusa in Summit Lake, within the city of 
Akron, at about the same time as the discovery in 
Pennsylvania by Dr. Brooks.^ 

IBoienox, 76: 465, 1932. 
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Summit Lake is about two thirds o£ a mile long 
and a quarter of a mile wide in places. It is one 
of the chain of Portage Lakes. The other lakes, 
partly natural, partly artificial reservoirs, are south 
of the city. They are connected by channels and 
the Ohio Canal connects the waters of the others with 
Summit Lake. Some plankton and other aquatic 
work have indicated these lakes as satisfactory in 
their biota, though Summit Lake has been at times 
more or less polluted, and has a somewhat less varied 
fauna. 

Craspedacusta has not appeared in any of the 
other lakes. All available specimens came from Sum¬ 
mit from about September 6 to 17. The medusae 
were first seen and collected mostly by several per¬ 
sons living close to the lake shore. Collection was by 
buckets and dip nets from boats. The writer col¬ 
lected few himself, but obtained many others from 
the finders. In our own collection, we found scarcely 
any in sunny weather in midday, though this would 
supposedly be the best time for them to be near the 
surface, as recorded by several observers, as, for in¬ 
stance, Garman,* in Kentucky, who also noted calm 
water as moat favorable. After I secured so few, local 
collecters said they took their large numbers at sun¬ 
down. When finally we could get to collect at sun¬ 
down, we found none, but the day was unusually cold 
and very windy, making the water very rough for 
a lake of this size. The water attains a depth of about 
10 feet, where it was claimed most were collected. 

Between 200 and 300 specimens were taken alive 
into the laboratory, but were probably overcrowded 
in collecting jars. They died off very rapidly, some 
disintegrating quickly. No exact date of their dis¬ 
appearance in the lake can be given, but certainly they 
were not seen over a period of more than half a 
month. 

This is the second Ohio discovery. In 1926, also in 
September, Dr. R. C. Osburn, of Ohio State Univer¬ 
sity, collected many medusae in an artificial pond 
near Coshocton, Ohio, about 58 miles southwest of 
Akron. 

Dr. Brooks in his recent note on finding these 
medusae is mistaken in saying that seemingly his 
would make the fifth different locality for the medusae 
in the Western hemisphere. There will not be space 
for the citation of the records, most of which have 
been published in Scibnoe. My data on all these 
records, and papers of observers, indicate that there 
have been at least a dozen different localities in this 
country and one other in the western hemisphere. 

WaIiTkb C. BIraatz 

tTNivsasiTY or Akson 

aSoiBNO*, 60: 477, 1924, 


CORRELATION CURIOSITY* 

In a recent issue of Scxekos,^ E. B. Wilson has 
obtained the probability that the three ooxrelation 
coefficients correlating three variables should all be 
positive. Denoting the coefficients by r, s, t, it is 
stated that 'Hhe conditions on r, s, t are that they shall 
lie between +1 and -1 and that 


l-r*-8*-t* + 2r8t^0.'' 


It may be of interest to note that these conditions 
on r, s, t lead to a rather surprising formulation of 
the problem. Putting r = cos A, s = cos B, t = cos C, 
we have (i) the angles A, B, C lie between zero and 
pi, and 


1 cos A 

COB A 1 

cos B COB C 


COB 
COB 0 
1 


^0 


Now it may bo shown that these two conditions 
imply A 4- B + C 2ji, and the three angles satisfy the 
triangular inequality. The writer has shown that 
these relations are the necessary and sufficient condi¬ 
tions that three angles are the face angles of a tri¬ 
hedral angle. Hence, the problem is equivalent to 
finding the probability that three angles selected 
arbitrarily between zero and pi be the face angles of 
a trihedral angle. 

Assuming that the distribution of points (A, B, 0) 
in the cube with vertices (0, 0, 0), (a, 0, 0), (a, Ji) 
(0, a, 0) is of uniform density unity (an assumption 
that in terms of the variables r, s, t is different from 
the one made in the paper under discussion) it is 
found that the probability equals one-third. 

LoOKABD M. BLUlUBKTaAL 

The Bice Institute 


HOW DID JOULE PRONOUNCE HIS NAME? 

In the summer of 1897, while being conducted 
through the physios laboratory of the University of 
Edinburgh by Professor P. G. Tait, 1 chanced to teU 
him that at the University of Strassburg Professor 
Wilhelm Hallwachs, in speaking of Joule, had given 
the ou the sound of ou in you, and that after the lec¬ 
ture an English student had told him that the ou 
should have the sound of ou in out And I asked 
Professor Tait whether he could tell me how the rtame 
should be pronounced. He smiled and said, ‘^ell, 
I used to work with him and I can only say that he 
always called himself Joule,sounding the ou as in 
you. 

The 1695 edition of the Standard Dictionary state! 
that the ou is pronounced like u in rule, agreeiug with 
Joule’s own pronunciation, but the latest ^tion 
gives the ou the sound of ou in out When I uji- 

1 N. S., 76, No. 1979 (1932), p. 616. 



Jakuaet 20, 1083 


SCIENCE 


braided Mr. A, G. Baker, publiaher of Webster's New 
International, for the way his dictionary pronounced 
Joule, he defended himself by saying he had written 
to one of our leading American physicists, a man 
whom I deeply respect, and had been assured that the 
English physicists generally pronounced the name as 


though it were spelled Jowl. They doubtless do; they 
also says ^^flggers." But is not Joule himself the 
supreme authority as to the pronunciation of his own 
name? 

JosBPH 0. Thoupbok 

Amhesst College 


SCIENTIFIC BOOKS 


The Mechanism of Creative Evolution, By C. C. 

Hurst. New York, The MacmUlan Company; 

Cambridge, England, The University Press. Pp. 

365. 1932. 

Books on genetics are so numerous that any addi¬ 
tion might well seem superfluous. The repetition of 
the same facts, arguments and diagrams has become 
rather tiresome, and in pessimistic moments we some¬ 
times wonder whether we are not witnessing the 
growth of a dogma. If we are thus somewhat in¬ 
clined to be discouraged or bewildered, Dr. Hurst's 
book comes like a breath of fresh air. The problems 
of genetics and evolution are restated in an original 
and extraordinarily lucid way, with full attention to 
the latest work of the experimenters, and the last And- 
ings of the cytologists. The illustrations are nearly 
all taken from other works, but they are extremely 
good and well chosen. The print is large and dis¬ 
tinct so that the book is easy to read. No attempt 
is made to shirk difficult problems, as the book is not 
written as a text for elementary classes. Hurst 
himself has been actively engaged in experimental 
work for over thirty years, covering the whole period 
of modem Mendelism. 

The term creative evolution is adopted from Berg¬ 
son, but interpreted in a biological rather than 
philosophical sense. It is pointed out that in biology 
A + B are not equivalent to the sum of A and B, 
but rather to X, an unknown or unpredictable quality. 
This may at first seem contrary to the Mendelian 
theory, which has enabled us in so many instances to 
predict the results of matings. But just as in chem¬ 
istry sodium and chlorine unite to produce a sub¬ 
stance diffiering from both in properties and appear¬ 
ance, so also the interactions of living units are con¬ 
tinually giving results which could not have been 
foreseen in advknoe. A mind contemplating the non¬ 
living universe could not be expected to predict life, 
the study of the lowest organisms would not le^d one 
to expect the higher complex types, and least of all 
could the oonsoious and reflective mind of man have 
been surmised from a study of the b^nnings of life. 

We are charmed with the idea expressed by Tenny¬ 
son in his “Flower in the Crannied Wall,” and vaguely 
feel that somehow it contains the germ of all other 
life, but practically the conception is not valid. It 


is too much like saying that Tennyson's little poem 
is implied in the words it contains, which indeed would 
produce it sooner or later if arranged at random in 
all ways possible. 

From such considerations Hurst develops a biolog¬ 
ical philosophy in contrast with the gloomy and 
deterministic prognostications of the physicist. Ap¬ 
pealing to the past, with its story of increasing com¬ 
plexity and development, he imagines a future still 
more remarkable, but necessarily unpredictable by 
the human mind. Thus, like Wallace, he ends with 
metaphysical speculations which take us beyond the 
realms of experimental science, and will attract or 
repel according to the temperament and traditions of 
the reader. 

All this, however, may be regarded as secondary 
to the main character and purpose of the book. Most 
of the chapters are devoted to a recital of the exact 
scientific facts in a manner wholly satisfactory to the 
mechanistically minded. There ai^ said to be four 
great vital processes acting as random variables. 
These are mutation, transmutation, sex and natural 
selection. Especially valuable are the chapters deal¬ 
ing with transmutation and sex. 

It has not been appreciated until recently how many 
“accidents” may happen to chromosomes, and how 
often those chance occurrences may give rise to new 
types. Closely related to those matters are the facts 
concerning polyploids, forms having various multiples 
of the basic number of chromosomes. The account of 
polyploidy is particularly clear and interesting, and 
from it we can see how new types, virtually new 
species, may arise independently at various times 
and places and yet be exactly alike. The same thing 
may happen after crossing, the hybrid progeny occa¬ 
sionally giving rise to new stable types which are 
fertile and remain constant. In other cases, as with 
cultivated fruit trees, perennial sunflowers, certain 
cacti, etc., a cross may give rise to new heterozygous 
strains which are then propagated vegetatively and 
so remain constant. 

It is pointed out that the latest work of the ex¬ 
perimenters is extremely hopeful for results of prac¬ 
tical value. It has been shown that through the use 
of x-rays and otherwise the mutation rate can in cer¬ 
tain organisms be enormously increased. While most 
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of these mutatioiiB are detrimental, and very many 
lethal, among bo many some will be advantageous 
under certain circumstances. 

It is like a lottery, in which the chances for a prize 
are increased by the number of tickets taken, only 
in this case the cost of the tickets is very small, hav¬ 
ing no relation to the possible value of the prize. 
Add to this the discovery that virtually new species, 
and it is said even genera, may be produced through 
hybridization and we have a possibility of future re¬ 
sults which we contemplate with amazement. 

Even if we consider Hurst much too optimistic, 
the actual and unquestioned progress of recent years 
has reached a velocity which will surely take it some¬ 
where. There is no indication whatever that we have 
reached the end of our rope. 

Nevertheless, as Jacques Loeb used to say, the 
constancy of the characters of living things is amaz¬ 
ing. Hurst puts it thus: “By far the greatest mystery 
in evolution is the continued existence of numerous 
species and even phyla whose genes have not mutated 
and whose chromosomes have not transmutated and 
whose characters remain the same to-day as they were 
thousands of millions of years ago." Actually, this 
is overstated. The ancient fossils, which look so 
much like living species, are not precisely the same. 
But the undeniable facts are sufflciently striking. The 
Foraminifera, the oysters, the oaks and the figs, have 
gone on under the same generic groupings for many 
millions of years, producing many specific types, but 
practically all these suggestive rather of a shuffling 
of the cards than the evolution of new genes. The ex¬ 
perimentalist has accordingly proved too much. He 
has given us a picture of continual change, compared 
with which the actual stability of organisms in a 
state of nature contrasts very strongly. But here 
Hurst is able to introduce the ever-present principle 
of natural selection, which hews to the line and under 
most circumstances makes for stability rather than for 
change. Morgan's many Drosophila mutants rarely 
occur in the wild, because nature has no use for them. 

But once in a very long while a new ^^star” is 
accepted by the manager of the play. I do not under¬ 
stand, in the light of all this, why Hurst, in his 
introduction, gives his blessing to the age and area 
theory of Willis. In part it is, of course, a truism, 
but as an actual picture of the distribution of life it 
is extremely fanciful. Other things being equal, of 
course the oldest type would be likely to have spread 
over the most country; but other things never are 
equal, and the actual distribution of any species is 
limited by many and complex factors. 

There is this much to be said, the extent of distribu¬ 
tion may often be taken as a measure of the stability 
of an organism. Thus the Painted liady butterfly 
{FyramHa cardui), which I saw in the midst of 


Africa, was quite the same insect which I could ob¬ 
serve any day in summer at Boulder, Colorado. It 
must be an extremely constant type, bat added to 
this is the fact that it is well known for its migratory 
habits. Very surprising are the results recently ob¬ 
tained by some botanists, who have discovered that 
certain representative species, in Asia and America, 
have similar chromosomes in spite of their long sepa¬ 
ration. These plants can be crossed and will produce 
fertile offspring. 

From such facts and others Hurst undertakes to 
develop a precise criterion of species, to be determined 
by cytological and breeding evidence. Such “species" 
are apt to be more extensive than those commonly 
recognized, often including strikingly diverse plants 
which remain entirely separate in nature. It is not 
likely that botanists will follow this doctrine to its 
logical conclusion, which would, for example, compel 
us to unite the blue (Aquilegia caerulea) and yellow 
(A. ohrysantha) columbines under one specific name. 
Probably we may use the term superspecies for these 
aggregates of cytologically similar types. 

Another very interesting problem concerns the 
actual unit of life, which Hurst considers to be the 
gene. The genes multiply, keep their characters, un¬ 
less they mutate, and are independent units. It is 
true that they cooperate to produce results in the 
cell or body, but this does not invalidate their essential 
integrity, which in very many cases has remained un¬ 
changed for ages. 

The smallest units of life, concerning which we are 
just beginning to have some definite knowledge, may 
be essentially free genes. The diversity of the genes in 
higher forms of life could only exist where they were 
bound together in a cooperative system. Thus we may 
imagine the primitive genes, in the early days of the 
world, possibly mutating as often as genes do to-day, 
but the results were usually fatal. Then when they 
got into the same boat, as it were, and one could steer 
and another row, they could afford to be more diverse. 
Finally, in such a creature as man, they can take on 
all sorts of aspects, producing results which could 
never have been imagined in the beginning of things. 
It is more or less so with all of ua. What might we 
not have become, could we have secured that job ex¬ 
actly suited to our potential talents 1 

After the book was in type, Hurst constructed a 
genetical formula for the inheritance of geneml in¬ 
telligence in man, to which he attaches great im¬ 
portance. It is briefly explained in a long footnote 
(pp. 234-236), He reoogniaee ten grades of inttl* 
ligence, following Woods, and, aastunixig that them 
represent different genetic formulae, gets atatiafcloal 
results <dosely agreeing with the theory. It eeema 
improbable that ten anch grades, independent of AU* 
vironmeutal influences, can be objectively l!ecognised^ 
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and HbB kast one ean eay is that the burden of proof 
ie likely to be a very heavy one. Nevertheless, these 
matters can be scientifically investigated, and perhaps 
the expression of nnoonvinoing opinions may lead 


to fresh light and ultimately to some hasiB of general 
agreement. X. D. A. CookebeIiL 

UNivxBStTT or Colorado 
PXOEKBRR 4, 1932 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


SOY-BEAN PASTE AS AN EMULSIFYING 
AGENTS 

In the United States the soy-bean {Glycine hiapida) 
has been used cbiefiy for animal feeding and as a 
source of industrial products, but in the Orient it has 
long provided valuable staple foods for man. One 
property of importance in the preparation of foods 
and also for certain industrial processes is the stabil¬ 
izing effect of soy-bean on oil-water emulsions. By 
substituting a cooked paste of soy-bean for eggs a 
salad dressing equal in quality to mayonnaise can be 
made. 

Since lecithin occurs in soy-btians^ we attempted to 
determine whether it contributed to their emulsifying 
action. Known additions of lecithin were made to 
other pastes of rather low original emulsifying power. 
The pastes were made by cooking com starch, wheat 
starch or wheat fiour with distilled water. Three 
samples of lecithin were used. Lecithins 1 and II 
were freshly prepared by extraction from egg yolk 
and soy-bean fiour, respectively, while lecithin III 
was a commercial preparation of unknown age. The 
test consisted of preparing an emulsion under stand¬ 
ardised conditions with each paste and noting the 
volume of oil which had been added when the emulsion 
b^an to “break.'' The experiment was then repeated 
with a duplicate sample of pastes into which lecithin 
had been dispersed before adding the oil. In a few 
cases the lecithin was dissolved in the oil itself. The 
amounts used, expressed as percentages of the weight 
of pastes were as follows: Lecithin I, 0.14 per cent, 
and 0.36 per cent.; lecithin II, 0.35 per cent.; lecithin 
III, L25 per cent., 2.5 per cent and 5.0 per cent. In 
no case was there evidence that the lecithin greatly 
increased the emulsifying power of 4he paste; there¬ 
fore the proteins of the scy-bean appear to be the 
diief stabilizing factor. 

In preparing the mayonnaise-like salad dressing a 
paste was first made from sifted, findy ground flour, 
fredhly milled from entire soy-beans of the Mammoth 
Ydlow variety. The flour was mixed smoothly with 
five parts by weight of distilled water, boiled with 
Ztirring for two minutes over direct heat, cooked for 
fifteen nunutes in a eovered double boiler and cooled. 

i From the Laboratory of Home Economics, Unimsity 
of Oslifori^ at ti(M Angdea 

sHvgh WMLoaa, *«Imcithln and Allied fiabstanoes,” 
new ^ Longmans, Groen and Oo., 1927. 


Weighed portions of this paste were beaten in the 
usual way with a hand or electric rotary beater, while 
a moderate stream of oil was added. Water was 
added as needed for thinning, and lastly the requisite 
amounts of acid, dry seasonings and coloring were 
incorporated. Two parts of paste to twdve or four¬ 
teen of oil and three of additional liquid will yield a 
product of satisfactory flavor and texture, but this 
does not represent the maximum capacity for oil. 

Soy-bean paste as emulsifying agent in salad dress¬ 
ing has several merits. Among these are: (1) low 
cost, (2) ease of shipping and storing the beans, (3) 
heat sterilization of paste immediately before use, (4) 
the incorporation of rather a large volume of liquid 
for a given viscosity. Emulsions made with soy-bean 
appear to be less sensitive to low temperature storage 
than those stabilized by egg, but to be more sensitive 
to excessive amounts of seasonings, particularly salt. 
Further work is required on both of these points, 
however, as our observations were not conclusive. 

Ada M. Field 
BE uiiAH H. Alexander 
Ethel B. Sylvandb 

CELLOPHANE FOR LANTERN SLIDES 

Refebring to the article, “A New Use for Cello¬ 
phane," in the December 16 number of Science, page 
573, I would like to add one suggestion regarding the 
making of charts and tables on cellophane for lantern 
slides. The carbon paper should be cut twice the 
width of the lantern slide and folded go that the cello¬ 
phane can be placed between the two carbon surfaces. 
With hard finish typewriter carbon paper the results 
are much more satisfactory with the carbon deposit 
on both sides of the cellophane. 

B. H. Walden 

CONNEOnCCT Agrioultueal 
Experiubnt Station 
New Haven, Co^n. 

THE RADIO-MAT 

All who are interested in the convenient device de¬ 
scribed by Dr. Warren in SotENCB, December 16,1932, 
p. 673, may be concerned to know that a device of 
this kind ready prepared for making slides is marketed 
under the name of RadiO-Mat, manufactured by the 
RadiO-Mat Slide Company of New York, and is ob¬ 
tainable from photographic dealers generally. In 
this laboratory we have made a large number of slides 
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therewith. It is alao possible to make legible projeo- 
tion material by simply typing the matter as one 
would a mimeograph stencil, on a blank piece of film. 
The ribbon can be left in, but it does not add greatly 


to the legibility and will smudge, as will a carbon 
under these conditions. 

F. L. Wklls 

Boston Pstohopathic Hospital 


SPECIAL ARTICLES 


SELECTION WITH THE MAGNET AND 
CULTIVATION OF "RETICULO¬ 
ENDOTHELIAL" CELLS 

The supposition that certain highly phagocytic cells 
situated along the sinuses of the liver, spleen, bone- 
marrow, lymph-nodes and other organs have activities 
in common besides phagocytosis and constitute a 
physiological system, the “reticulo-endothelial system,” 
has led to much discussion and experimentation. A 
host of functions, among them those of forming anti¬ 
bodies and bile pigment, are attributed to the cells in 
question. These attributions have been the easier be¬ 
cause only oblique methods of test for them have been 
available. 

Von Kupfifer, the discoverer of the cells in the liver 
now classed as ^^reticulo-ondothelial,” observed that 
after the cells have taken up particulate material 
from the blood flowing by them, a greater or less pro¬ 
portion lose their hold on the capillaries and come 
away into the stream, new ones being provided by a 
proliferation and differentiation of the vascular 
endothelium. This happens irrespective of the charac¬ 
ter of the material phagocyted. We have taken ad¬ 
vantage of the phenomenon to procure and cultivate 
the Kupffer cells, 

A suspension of highly magnetic iron particles (the 
gamma ferric fipu# of Bau^isch and Welo^) in 7 
per cent, gum acacia solution is injected into the 
circulation of a rabbit (or dog) on several successive 
days; and after two or three further days have 
elapsed—to give time for the particles ingested by 
blood leukojcytes to deposited—tfef animal is 

anesthetized npd fluid is run directly through the h^or, 
at first under low pressure to wash away the blood, 
then under high, with intermittent obstruction of the 
outlet tube and kneading of the liver to loosen aijid 
flush out the Kupffer cells. Warm Tyrode solution 
with 1/8 per cent, of gelatin for protective purposes’ 
has proved as satisfactory a fluid as homologoua 
serum. The Kupffer cells containing iron are 
separated from other elements by means of an electro¬ 
magnet, past which the suspension is slowly run, 
“washed” with gelatin-Tyrode solution while still held 
by the magnet, and plated in a culture medium con¬ 
sisting of this fluid, plasma and serum. 

When first obtained in serum or Tyrode’s solution 

1 Provided through the generosity of Dr. Oskar 
Baudisch. 

s Peyton Rous and J, B. Turner, Jour, Sstp, Med,, 23: 
£19, 1916. 


and studied in the warm box the Kupffer cells have 
the general character of clasmatooytes, but they ex¬ 
hibit in addition special traits which distinguish them 
from those phagocytic elements of the spleen and of 
old inflammatory exudates which are supposed like 
them to be components of the “reticulo-endothelial 
system.” It is plain that this “system” consists of 
elements differing from one another to no inconsider¬ 
able extent. 

Kupffer cells proliferate in vitro despite an initial 
content of iron particles that is often large; and 
they retain their specialized character. Since this is 
the case experiments with cultures should throw light 
on the functions of the cells. Such experiments are 
under way. 

It is obvious that the magnet can bo utilized for 
the selective separation of the phagocytic cells of 
organs other than the liver. 

Peyton Rous 
J, W. Beard 

Eocketellee Institute roa 
Medical Bbseargh 
I fgW York 

RELATION BETWEEN OXYGEN TENSION 

AND PROTEIN SYNTHESIS IN CERTAIN 
TISSUE EXTRACTS 

In previous work^ we showed that a marked de^ 
crease in oxygen tension below atmospheric tension 
under otherwise constant conditions of pH, tempera¬ 
ture, concentration of subetrato, etc., increases the de¬ 
gree and the rate of proteolysis in certain normal and 
malignant tissuee. These results suggested experiments 
designed to show wlietker oxygenation of digests of 
tissues oontaining suitable protein split products 
would or would not result in enzymatic protein syn¬ 
thesis. Concentrated extracts of the following tis¬ 
sues in phosphate buffer (pH approximately 7.0) 
wese used: VoluntnAgr muscle oi rats and rab¬ 
bits, Jensen rat sarcoma and Walker rat oaroinoma 
256. The extracts were subjected to a preliminary 
period of digestion in an atmosphere of purified 
nitrogen, toluene being added to prevent bacterial 
growth. The digests were then treated with a cur¬ 
rent of purified oxygen from 2 to 4 hours. The mix¬ 
tures were finally allowed to digest again in an at¬ 
mosphere of nitrogen. The protein content was deter- 

iQirl YoegtUn and M. E. Maver, Public Health Be- 
ports, 47: 711, 1932; M. E. Maver, J, M. Johnson and 
Carl Voegtlin, Public Health Beporte, in preee. 




hy ptecipitatiozi vAiAi trichlorAcetio acid,* and 
the total nitrogen was estimated in the predpitatea by 
mioro-KjeldAhl method.^ Simultaneous estima¬ 
tions were made of reduced and oxidized glutathione, 
the former being estimated by the iodometrio method, 
using nitroprusside as end-point indicator, the latter 
being titrated after reduction with bismuth tartrate 
and The total SH (SH glutathione, plus pro¬ 

tein SH groups) was determined by iodine titration, 
and the pH by the glass electrode. 

We found that oxygenation of digests of the muscle 
results in a relatively rapid protein synthesis, repre¬ 
senting an increase of from 10 to 20 per cent, of pro¬ 
tein nitrogen in terms of total nitrogen. Similar re¬ 
sults were obtained with digests from the living por¬ 
tion of the Jensen sarcoma and Walker carcinoma, 
and likewise in a digest composed of papain plus 
fibrin and SH glutathione. Our results with these ex¬ 
tracts indicate that the conditions favoring synthesis 
of proteins are (1) a relatively high oxygen tension; 

(2) a hydrogen-ion concentration not far removed 
from neutrality; (3) a relatively high initial eoncen- 
tration of SH groups attached to protein or glu¬ 
tathione which can give rise to a relatively high con¬ 
centration of disulfides; (4) a sufficient concentration 
of suitable protein split products. 

Small amounts of CuSO^ added to the digests im¬ 
mediately before the oxygenation is begun may cause 
a temporary acceleration of protein synthesis, which, 
however, is followed by a resumption of protein 
cleavage. 

These results obtained in vitro are of interest, as 
they suggest that variation in the oxygen supply of 
the tissues under physiological and particularly patho¬ 
logical conditions may exert a controlling influence on 
the equilibrium between cleavage and synthesis of 
tiffsae proteins. It may be that an inadequate O 2 
supply to certain portions of malignant tumors favors 
neerosifi and digestion of intracellular protein. On 
th^^otheor hand, in portions of tumors which are well 
snj^pUed with oxygenated blood, conditions may be 
favorable for protein synthesis and therefore tissue 
growth. Further work is required before these de- 
duatiOQS can be applied to other normal and malignant 
tissues. A detailed report of this investigation will 
he published in the Journal of Pharmacology and Ex- 
TherapeuticB, 

i Cabl Vobgtun 

Mjlbt E. Maver 
J. M. JOHKSOK 

XKBTmrxn c»p Ejusob 
WAtfizvoTOsr, D. 0. 

• Jowr. Biol Chem., 70; 265, 1026. 

sstd Metfeekia, /oar. Amcr. Chem. 80 c., xlvi: 


THE UNIQUE NUTRITIONAL ORGANS IN 
THE EMBRYOS OF THE TOP MINNOWS 
’ OF THE MEXICAN PLATEAU 

DimiKa Cretaceous times the Mexican Plateau was 
isolated to some extent by the development of high 
volcanic ridges on the east, south and west and by 
desert on the north and the northwest. A fauna has 
developed here which is quite unique in some animal 
groups, and this is especially true in the case of the 
teleoflt fishes. While there has been some migration 
into and out of the plateau, for the most part the 
species upon the plateau do not exist elsewhere. In 
one instance, a family which is represented in North 
America elsewhere by a single species has bloomed in 
the isolation provided by plateau into many species. 

It has been pointed out by Hubbs that moat of the 
top minnows of the Lerma Valley should be separated 
into a single family, the Qoodcidae. The classification 
is based principally upon the structure of the teeth 
and fin peculiarities. The family, as revised by 
Hubbs, contains the Genera Skiffia, Lermicthys, 
Chareodon, Balsadicthys, Goodea, Chapalicthys, Zoo- 
gonetieus and Girardinicthys. A study of the repro¬ 
duction of seven of these genera reveals peculiarities 
that separate the group radically from all other top 
minnows and several features which are unique and 
imdescribcil. These features are the subject of this 
brief article, which is to be followed later by a more 
extensive illustrated description. 

The course of reproduction in the lowland type of 
killifish (Qambusia, etc.) is characterized by the fol¬ 
lowing features: 

(1) Fertilization is accomplished by the transfer of 
spermatophores from male to female by means of a 
gonopod. Fertilization is internal. The sperm are 
stored by the female and serve for several succeeding 
broods of young. 

(2) The ovarian follicle builds up a large yolk mass 
which is the sole means of nourishment for the embryo, 

(3) The embryo remains within the ovarian follicle 
until hatched. It is then extruded into the intra- 
ovarian space and is bom almost immediately. The 
yolk mass is almost entirely absorbed at birth, 

(4) The gonads of the embryo are quite undevel¬ 
oped at birth, no differentiation of ovary or spermary 
being discernible. 

The contrast as shown in the reproduction of the 
highland type, Goodeidae, is indicated as follows; 

(1) There are no spennatophores and there is no 
true gonapod in the male. In all genera, however, the 
anal fin has some short stiff rays at the anterior 
margin. Fertilization is internal, but apparently 
there is no storage of sperm. 

(2) The ovarian follicle builds up a very small yolk 
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mass. There is an extensive degeneration of eggs 
after they have reached the maximum size. 

(3) The embryo remains within the ovarian follicle 
until the small yolk mass is almost absorbed, in the 
meantime developing a group of nutritional filaments. 
A yolk sac also develops far past the limits of the 
yolk mass. The ovary develops a system of inter* 
follicular canals and clefts. 

(4) The embryo hatches and is left by a withdrawal 
of the ovary in the intra-ovarian space. The nutri¬ 
tional filaments develop into long finger shaped proc-“ 
esses which are attached to the embryo at the proc- 
todoeum. In at least four genera a wide space in the 
sub-mucosa of the embryonic gut extends out into the 
nutritional processes os far os the distal ends. The 
processes become liberally supplied w-ith tissue sjiaces, 
sinuses and small blood vesscLs, While the embryos 
of all genera posst'ss the nutritional processes there 
arc structural differences that are constant in each 
genus. 

(5) The embryo increases many times in volume 
while lying in the intra-ovarian spaee and after ab¬ 
sorbing the small yolk mass. 

(6) The embryo is born in an advanced stage with 
the gonads differentiated into recognizable ovaries and 
spermaries. The nutritional processes are still at 
their maximum point of development at birth. They 
are either broken off or absorbed within a few hours. 

Reproduction in the lowland type of killifish is 
classified as simple ovo-viviparity, the egg, and later 
the embryo being retained in the ovarian follicle up 
to the time of birth. Reproduction in the highland 
type of top minnow is a two-phase process. The first 
phase, extending from fertilization to the point of the 
extrusion of the embryo from the follicle into the 
ovisac is an ovo-viviparity comparable to but shorter 
than the entire process in the lowland type. The 
second phase is a superimposed and genuine viviparity 
which is not comparable with any stage in the repro¬ 
duction of the lowland type. The reproduction in the 
highland top minnows is therefore classified as ovo- 
viviparity with a superimposed viviparity. 

The highland type of lop minnows apparently arose 
from an ancestor much like the lowland type after 
viviparity had betm established in the latter. The 
yolk sac developed in the latter type beyond the limits 
of the yolk moss is testimony that the ancestral type 
possessed a large yolk sac. The evolution of the re¬ 
productive peculiarities in the highland type from the 
condition which existed in its ancestral type would in¬ 
volve the following changes; 

(1) Changes in the ovary to prohibit the full devel¬ 
opment of the yolk or to produce degeneration in the 
egg before it reached its full size. 

(2) Earlier hatching of the egg. 


(3) Retention of the embryo for a longer period in 
the intra-ovarian space. 

(4) Development by the embryo of processes for 
absorbing food and oxygen from maternal ovary. 

(6) Extensive changes in the somatic portion of the 
ovary, especially in vascularity, to furnish nourish¬ 
ment for the embryos. 

(6) Interruption of the regular course of the germ 
cell cycle within the ovary due to the diversion of 
nutrition from the developing germ cells to the grow¬ 
ing embryos. 

The material for the above study was secured by on 
expedition financed by Northwestern University and 
the National Research Council. The writer was able 
to collect and to transport alive specimens of seven of 
the genera of the Family Goodeidae. All have proved 
to be suitable aquarium fislies and two {Goodea hi- 
lineata and Zoogoneticus cuitzeoensis) have produced 
an excellent breeding stock. Grateful acknowledgment 
is made to Dr. Isaac Ochoterena, of the National In¬ 
stitute of Biology of Mexico, and Mr. Quin tin Rosas, 
of the Department of Forestry and Game, for cour¬ 
tesies in connection with the securing of collecting 
permits and to Mr. F. M. Riveroll, of the Department 
of Express, and Mr. F. C. Lona, of the National Rail¬ 
ways of Mexico, tlirough whose efforts shipments of 
live specimens were greatly facilitated. 

C. L. Turner 

Loot Zoological Laiioratoey 
North WESTERN UNivicasiTY 
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THE DEPTHS OF THE EARTH* 

By Professor REGINALD A. DALY 

HAEVARD UNIVBESITY 


Introduction 

Chabi^ Lapworth waA ono of the intellectual 
pTikoes of our profession. He it was who discovered 
the '*Secr^ of the Highlands.” In another Scotland 
Yard he triumphantly illustrated the British genius 
for detective work. His penetrating eye saw in prin- 
oiple> and later Peach and Home proved, the majesty 
of the Scottish thruete. Thus a revolutionary idea 
b^Aame generally accepted. Yet a still more vital 
aeoret underlies the secret explained by the brilliant 
Lapworth. That further mystery, still unsolved to 
general satisfaction, is the cause of the oiean-out slic¬ 
ing and plastic shearing of the rocks when mountains 
are made. Clearly the data for solving the mystery 

iPres^e&tial address read before the Geological So¬ 
cial of Africa, December 88, 1032. Somewhat 
illuatratlous and references omitted; to be 
plated in full in the EuUetin of the Geological Society. 


must be sought under all the lands and seas—in the 
earth’s vast interior. 

There, too, is the condition for the isostatic rise of 
the crust when the regional ice-caps melted, or when 
continents lost weight by denudation and rose to renew 
their equilibrium. There ultimately is the key to the 
problem of foriqer land bridges between continents 
and the key to paleogeographic problems in general. 
The petrologist also can not escape the necessity of 
thinking intensely about the third dimension, depth, 
as well as about tlie two dimensions of the maps. In 
short the geologist, however specialized, has to bo a 
courageous soul and venture where angels can not 
tread. The equipped geologist shall know not only 
his six oontiumits and the seven seas; he shall faith¬ 
fully treasure every scrap of information that may 
come to him regarding the invisible and intangible, 
where lies the secret of secrets of all geological science. 
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To go down in imflgination is an adventure, daring 
but thoroughly essential, for in depth is the seat of 
dotninating energy and the origin of all rooks what¬ 
ever. 

Sinoe the year 1900 discoveries and fertile hypoth¬ 
eses about conditions beneath the accessible part of 
our planet have been pouring into the literature and 
summarized in thick handbooks. The young science, 
geophysics, has become a giant with a giant’s power 
to move, and then in a measure to fbc, the foundations 
of geological thought. This evening I offer a specula¬ 
tive and of course tentative picture of the earth’s 
interior in the light of the new geophysics, checked 
by facts of geology and by the possibilities of cos¬ 
mogony. 

The Shells and Core of the Earth 

In principle the picture is given in Tables I and II. 
The first shows the kinds, states and densities of the 
materials constituting a typical continental sector. 

TABLE I 

Earth-Shells in CJontinental Sector 

(Crystalline Aichean rocks at surface) 


Material, with 
Depth (km) average density 


9-80 

30-40 

40-60 

60-100+ 

100±-1200 

1200-2900 

2900-6370 


Granite and pieso-granite 1 
DtsconitnuUy [ 

Granodiorite and piezo- | SIAL (2.8) 
phases 
Disooniinuity 

Piezo-gabbro CRYSTALLIZED 
SIMA (3.05) 

Discontinuity 
Vitreous basalt (2.8-2.9) 

Vitreous ultrabasic silicate (2.9-4.5) 


Discontinuity 

Vitreous silicate + oxide + sulphide 
(5.0-6.6) 

Discontinuity 

Central core of iron (liquid?; 10.5- 
12.5) 


TABLE II 

Earth-Shells in Sector under Deep, Open Paoipio 


Depth (km) 

Material, with 
average Aenaity 

(M;.2 

Water (1.03) 


Discontvnuity 

5.2-74.8± 

Basalt and piezo-gabbro (CRYSTAL¬ 


LIZED SIMA; 2.95-8.06) 


Discontinuity 

74.8±-100± 

Vitreous, femlc basalt (2.85-2.9) 

Below lOO 

Shells as in Table I 


Table II rimilarly refers to the broad sector under- 
lyh^ the deeper port of the open Pacific Ocean. 
Somewhat different from either^ at levels above the 


d^th of 80 kilometers, would be any of the Motors 
capped by lofty chains of moontains or by oceans 
shallower than the deep Paoifio. 

This sketch of the eartli’s anatomy is baaed upon; 

(1) The seismologists’ determinations of wave 
velocities and changes of velocity in depth, with cor¬ 
responding discontinuities of the material; 

(2) The known composition of the upper part of 
the Sial; 

(3) The dominantly basaltic quality of lava floods; 

(4) The world-wide distribution of basaltic erup- 
tives and the genetic association of basaltic magma 
with other observed igneous magmas and rocks (erup¬ 
tive sequence); 

(5) The necessity of assuming a distribution of 
densities to match the earth’s moment of inertia and 
its mean density; 

(6) The commonly accepted postulate that the 
earth’s core is composed essentially of metallic iron, 
which, according to some high authorities, acts like a 
liquid against the weak, rapidly alternating stresses 
of earthquake waves; 

(7) Experimental and seismologioal evidence as to 
the compressibilities of rock matter and iron, and 
the relation of the compressibilities to the speeds of 
earthquake waves; 

(8) The observed and calculated thermal gradients 
in the planet; 

(9) The probable distribution of radioactivity; 

(10) The systmatio differences of thermal con¬ 
ductivity among rooks, whether crystalline or vitreous; 

(11) The probable origin of the earth; 

(12) The composition of m^eorites; 

(13) The extreme weakness of the material b^w 
the depth of a few scores of kilometers (permitting 
isostatie adjustment); 

(14) The facte bearing on orogenesis. 

An Earth Largely Vitsbous 

Here again are fourteen points. Not all of them 
make universal appeal and no treaty of YersaiUes is 
likely to bring peace soon in this other war of option. 
Full discussion of any of the points is out of ^ 
question, and whole fields of inquiry bearing on the 
nature of the earth’s interior must be left untottcbM, 
Our time will be occupied chiefly with one funda¬ 
mental assumption—^that all but a small fraction of 
the 2,900-kilometer envelope of the planet^s ooxa is 
in the vihreous state. This implies the realify of a 
true crust, in the sense of a thin eryatalliaed ohell 
resting upon a series of non-orystalUsed shdk; MrQi 
temperatures to correspond; strength nearly, if not < 
quit^ confined to the crust; beegiisB of the 
tions of density, {Potential instahUi^ 
of Ibe crust, fhe vnUffity lids ftoM ^ 
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of the most pressing and significant problems of earth 
science. 

Cosmogony and the Vitreous Shells: First we ob¬ 
serve that all the modern views about the earth’s 
origin permit the hypothesis described. The erupto- 
tidal theory of Chamberlin and Moulton, the gas- 
filament tidal theory of Jeans and Jeffreys, the col¬ 
lision theory of Biokerton and Jeffreys, and the 
oapture-coUision theory of Hirayoma and Van Anda 
all start with a gaseous earth. Chamberlin and Moul¬ 
ton argued for the rapid solidification of the young 
earth and for a tremendous increase of mass by the 
infall of planetesimals, the earth remaining crystalline 
except for subordinate, liquid pockets of quasi-eutectic 
composition. Yet it appears that these authors exag¬ 
gerated the r61e of planetesimals in the earth’s organi¬ 
zation. Moreover, in any case the solar belch resfion- 
sible for our globe may, by the erupto-tidal theory, 
have been big enough to retain the gaseous condition 
until the earth had attained practically its present 
mass. Jeffreys dates the segregation of the iron core 
at the gaseous stage—^its most plausible explanation. 
He assumes that, after liquefying, the thick envelope 
about the core was '^probably” made homogeneous in 
a chemical sense by thermal convection, and then by 
continued stirring was rapidly cooled and crystallized 
at great depth. However, it seems logical to think 
that the envelope itself was originally stratified, the 
intrinsic (chemically determined) density increasing 
with depth. If so, early thermal or other types of 
convection would cool only the outer part of the 
envelope about the core. Thus the initially high 
temperatures and non-crystalline character of all 
shells below the depth of a few hundreds of kilometers 
would be long preserved. Like the others, then, 
Jeffreys’ cosmogonic scheme does not forbid belief 
that below a crust of moderate thickness the shells 
of the envelope are still too hot to pass out of the 
vitreous state. 

Seismology and the Earth-shells: By general agree¬ 
ment the upper part of the Basement Complex 
(Archean terrane) is regarded as chiefly granitic. 
According to Sederholm’s careful measurements in a 
regional sample (Finland), its average composition 
lies between those of average granite and average 
granodiorite. At depths greater than a few kilometers 
the Sial should be somewhat more basic because of an 
increased proportion of femio injections, and the 
lower half of the Sial may, in average, approximate 
granodiorite. There the denuty is doubtless increased 
still further by load metamorphism. Although these 
deeper rooks of the Sial are probably gneisaio^ their 
exact nature remains obscure. Hence there is some 
advantage in giving them the non-committal names of 
^pieno^granite” and “pieso-granodiorite.” 


Similarly, between the 40-kilometer and fiO-kilometer 
levels the crystallized Sima, chiefly basaltic in chemical 
composition, is not likely to be gabbro or diabase, but 
denser rock. Its phases may be grouped under the 
name "piezo-gabbro.”® The velocities of the earth¬ 
quake waves are explicable if the Sial and crystallized 
Sima have the constitution described. 

That the material just below the 60-kilometer dis¬ 
continuity is vitreous basalt is an assumption at least 
permitted by studies of compressibility. Bridgman’s 
pressure-volume curve for tachylite at 75® is relevant. 
It gives a rather close approximation to the compres¬ 
sibility of basaltic glass at pressures corresponding 
to depths of 60, 70 and 80 kilometers below the earth’s 
surface. The density of the glass under these condi¬ 
tions is known within narrow limits. Taking the 
accepted value of Poisson’s ratio at 0.27, the closely 
approximate velocity (Vp) of the longitudinal wave 
in tachylite at 75® and at the depths stated is found. 
Table III (col. 4) shows the result of such computa- 

TABLE III 

Bata BEOARuiKa a Tachtlitic Eabth-Sheul 


Depth (km) 

s 

h 

Q* 

§ 

V 

II 

Density 

Computed Vp 
(km /see) 

ML 

> 

II. 

- 

60 

1.13 X lO"* 

2.80 

7.4 

7.8 

70 

1.07 X 10-* 

2.82 

7.6 

7,9 

80 

1.00 xlO'* 

2.85 

7.8 

8.0 


tion as well as the densities and elastic data. The ex¬ 
pected high temperature of the glass at these levels is 
not allowed for in the calculation of wave velocity. 
Heating tends slightly to reduce compressibility and 
therefore wave velocity, but the correction required 
for this reason may be more than offset by proper cor¬ 
rection for the difference between the high-pressure or 
static modulus of elasticity and the somewhat higher, 
seismicaUy-effective or dynamic modulus for the same 
rock. Now the actual velocities of the longitudinal 
wave at the depths of 60, 70 and 80 kilometers within 
the earth have, according to the seismologists, the 
values shown in the last column of Table HI. Com¬ 
parison of this and the preceding column shows how 
well vitreous basalt meets the needs of the case. The 
agreement would be much poorer if crystalline perido- 
tite were assumed at those depths, and is probably 
better than if vitreous peridotite be assumed. 

> No important phase of this layer seems to be as dense 
and ineompressible as eclogite. 
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Gutenberg’s depth-velocity curve suggests only mod¬ 
erate ohemioal change between the 100-kilometer level 
and the disoontinuity at 1,200 kilometers. Vitreous 
peridotite, perhaps merging into material like the 
average stony meteorite, would give the correspond¬ 
ing densities and wave velocities of Tables I and 11, 
at these greater depths. 

The meaning of each of the discontinuities, tenta¬ 
tively located by Gutenberg at 1,200, 1,700 and 2,450 
kilometers of depth, is an unsolved problem. Gold¬ 
schmidt supposes the changes of matenal to be in the 
direction from dominant silicate to dominant sulphide 
or oxide. The “observed” wave velocities seem to 
permit, though they do not compel, the idea of a 
vitreous condition for what Gutenberg calls the 
“intermediate layer,” that between the 1,200-kilometer 
and 2,900-kilometer levels. 

In conclusion, seismology has given results not un¬ 
favorable to our main thesis—non-crystallinity for all 
earth-shells below the thin crust. Experiments like 
those of Bridgman on liquids suggest that pressure 
alone can give the “glass” effective “solidity” in its 
reaction to the weak, short-lived stresses of earthquake 
waves. That the temperatures are high enough to 
prevent crystallization is a premise which would be 
strengthened if, as Oldham, Knott, Viaser, Jeffreys 
and Gutenberg think, the earth’s core acts as a true 
liquid against the stresses of earthquake waves; for 
presumably the temperature of the core would have 
to be exceedingly high to counteract the “solidifying” 
effect of the one to three millions of atmospheres of 
pressure upon the core material. 

Evidence from Thermal Gradients: A review of the 
best data gives 1° C. per 36 meters or 28° per kilo¬ 
meter of depth as a good average gradient of tem¬ 
perature ait the surface of the Archean complex. 
Extrapolation to depth is famously difficult. On any 
reasonable set of assumptions the gradient must, with 
increasing depth, become less steep; slowly near the 
surface and then foster to some moderate depth, 
where the rate of change becomes lower again. The 
troubles in calculating the gradients at depths greater 
than about 25 kilometers are numerous and of differ¬ 
ing importance. There are two major troubles. One 
b connected with uncertainty regarding the distribu¬ 
tion of radioactivity in the rocks; the other with un¬ 
certainty regarding the content of primitive, non¬ 
radioactive heat in those earth-shells which, through 
geological time, have actually felt the cold of outer 
space. Minor difficulties relate to the proper values 
to be assigned to the age of the earth and to the 
conductivity and speoiffc heat of each of the outer 
earth-shells. 

Because the crust has existed continuously since the 
Early Archean, all authorities assume strong concen¬ 


tration of radioactivity in the superficial shells. Jeff¬ 
reys and others believe that the thermal output of 
the radioactive furnace is less than the heat lost by 
radiation from the surface, a large fraction of this 
squandered energy being an original endowment of 
the planet. Joly and Holmes, though also assuming 
much concentration of radioactivity in the crust, find 
the radioactive furnace efficient enough to endanger 
the continued existence of the crust, if unmoved. 

According to Joly’s well-known theory the crust 
persists, because periodically thinned by melting and 
then dragged over the earth’s body; for both reasons 
the excess heat is supposed to have been rapidly con¬ 
ducted and radiated away. To this theory there are 
physical and geological objections, apparently fatal. 

Holmes apfieals to continental migration as the 
leading cause for the dissipation of the excess heat. 
The migration is thought to have been compelled by 
periodic convection and overturn of the whole 2,900- 
kilomcter envelope about the earth’s core. This bold 
suggestion implies that compression alone accounts 
for the downward increase of density in the envelope. 
Yet, as Williamson and Adams showed, mere com¬ 
pression of either basalt or peridotite could not g^ive 
densities matching the earth’s moment of inertia and 
mean density. There are other formidable objections 
to Holmes’s theory, but here too time fails for their 
discussion. 

Considering all the facts of the case, I think it most 
probable that no more than half of the heat radiated 
from the globe is of radioactive origin, the rest being 
original heat. 

Holmes in 1915 and later Adams and then Jeffreys 
computed the temperatures to depths of 100 or more 
kilometers, on two assumptions: moderate heat of 
radioactivity, and little or no secular loss of heat 
from depths greater than a few hundreds of kilo¬ 
meters. Holmes deduced temperatures of 600*^, 1204*^ 
and 1676° at the respective depths of 20, 60 and 100 
kilometers. Both Adams and Jeffreys found consider¬ 
ably lower temperatures for the same depths. 

All three sets of calculations are affected by the 
uncertainty as to the law of diminution of radioactiv¬ 
ity with increasing depth, and all three ignore the 
possibility of thermal convection in the earth’s body. 
The latter process would seriously affect the quantity 
of original heat to be dissipated in the course of time. 
While the single-step convection through the 2,900- 
kilometer envelope can not be assumed, Holmes has 
recently done good service in once more emphasixiug 
(with Jeffreys) the possibility of convective transfer 
of primitive heat. If hot enough to be vitreous, the 
earth-shells at depth may reasonably be considered 
as infinitely weak (liquevitreous), whatever rigidity 
they ^hibit against seiszmo and tidal straases. In 
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any of theee sheila convection is poaaible, provided: 
(1) the thermal gradient ia steep enough; (2) the 
intiinsio (chemically determined) density is not far 
from uniform; (3) the shell is at least a few hun¬ 
dreds of kilometers thick; and (4) the viscosity is 
not many times higher than that of steel. Surface 
cooling establishes a thermal gradient in the topmost 
liquevitreous layer. Suppose this layer to be con- 
veotively overturned. The next shell beneath is chilled 
and thus has its own gradient steepened. Suppose it 
also to be oonvectively overturned. A third layer is 
then liable to the same change; and so on. These 
changes take much time, but it ia conceivable that at 
long intervals original heat is brought from great 
depth to the base of the earth’s crust. This specula¬ 
tive process, involving a slow, downward transfer of 
cold from shell to shell, may be briefly described as 
delayed, tandem convection. If such a mechanism has 
been at work, it is obviously wrong to postulate a 
fixed “initial” temperature for the outer earth, a tem¬ 
perature controlled wholly or essentially by the rela¬ 
tion of melting temperature to pressure. For this 
reason the gradients calculated by Holmes, Adams 
and Jeffreys may be less steep than the true gradient. 

Their assumptions of minor importance should also 
be examined. In each of the three calculations the 
thermal conductivity of crust rocks is taken at too 
high a value. Not enough allowance is made for the 
decrease of conductivity with increase of tempera¬ 
ture; nor for the fact that the statically metamor¬ 
phosed rocks of the crust, with the expected flat- 
lying sohistoiuty, conduct heat in a vertical direction 
more slowly than the chemically equivalent but un¬ 
layered rocks (granite to gabbro) conduct heat. 
Moreover, Holmes (since 1929) and Jeffreys assume 
a vitreous state for earth-shells well within the layer 
affected by secular cooling, and should in their com¬ 
putations have allowed for the conductivity of vitreous 
rock, which, at ordinary temperature at least, is much 
lower than that of the equivalent crystalline rock. 
Again, all three calculations were based upon a too- 
low value of the specific heat, a quantity increasing 
with temperature and also with the change of state 
from crystalline to vitreous. 

The net result of these minor errors also is to find 
the earth cooler in depth than it really is. 

Until more is known about the cause of the dis¬ 
tribution of radioactivity in the rocks and about the 
role of delayed convection, it is impossible for the 
mathanatioian to declare finally the existing thermal 
gradient in depth. My own tentative estimates of 
temperature give 760® and 1330® at the respective 
depths of 30 kilometers and 60 kilometers; below the 
60-kilometer discontinuity, temperatures everywhere 
so high as to prevent crystallization. While these 


estimates appear compatible with the principles of 
earth physies, I dare to put them before you, pri¬ 
marily because they portray a vital part of a theory 
of the earth which seems best adapted to account for 
the facts of geology. 

laostasy and the Vitreous Sheila: If the earth has 
a true crust resting on a succession of vitreous, be¬ 
cause hot, shells, the weakness of the glassy maiterial 
automatically explains the sensitiveness of the crust 
to glacial loads, and in general accounts for the con¬ 
dition of isostatio balance among the larger topo¬ 
graphic features of the globe. Supposing radioactiv¬ 
ity to be proportioned to the acidity of the crust, the 
thickness of the crust and the densities of the outer 
s^ments of the earth should vary systematically. The 
result is a scheme of densities different from those of 
the Pratt and Airy explanations of isostasy. The 
preferred scheme can not, of course, be described in 
exact figures; an indefinite range of choices within 
the limits set by my theory is admissible. Neverthe¬ 
less, a reasonable set of choices seems to be indicated, 
and I have found that the corresponding arrangement 
of densities reduces the gravity anomalies about as 
weU as the Airy hypothesis does and better than the 
Pratt hypothesis, so commonly used by geodesists. 
(Illustrative diagrams of the address here omitted). 
Hence the explanation of isostasy implied by the 
crust-substratum idea seems to have some support 
from the pendulum studies so far made. 

Evidence from Petrology: Gravitative differentia¬ 
tion of magma is evident in certain intrusive sheets, 
laccoliths, lopoliths, dikes, thick extrusive flows, and 
probably in visible parts of a few batholiths. Year 
by year new examples are being discovered. It is 
surely not a wild idea to think that the earth, from 
the bottom of the crust to the top of the iron core, ia 
also stratified according to intrinsic (chemically de¬ 
termined) density. As in differentiated sheets, the 
density of the envelope of the core should not be 
expected to increase uniformly with depth. The 
analogies mentioned suggest rapid changes of density 
at more or less widely spaced levels. Between any 
pair of those levels the intrinsic density may be nearly 
constant. 

Because of their high density the deeper shells 
should not be eicaptible into or through the crust. 
Normally the one layer that does erupt, as if emanat¬ 
ing from a continuous earth-shell, is the basaltic. 
From the Pre-Cambrian to tlie present day it has 
delivered at the surface great masses of basaltic liquid 
in every continental and oceanic sector. This liquid 
issues alone or in direct association (inside the time 
limits of the petrogenetie cycle) with magmas of dif¬ 
ferent composition. Thirty years ago the hypothesis 
that such basaltic magmas have come from local pock- 
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ets of liquid in an eesentially orystalline earth leras 
held by some petrologiBts. But there is manifest diffi¬ 
culty in accounting for the pockets, whether as 
residuals of a planet once liquid, as locally developed 
eutectic solutions, or as local, radiothermal fusions. 
An increasing number of petrologists and geologists 
prefer the postulate that the erupted basalts origi¬ 
nated in a world-circling, vitreous substratum. 

Although not to be directly verified, this hypothesis 
has the advantage of explaining petrological and 
geodynamical facts more simply than any other yet 
published. 

(1) In the first place, it enables us to understand 
why lava rises so high. The density relations ex¬ 
pressed in Tables I and II are such that, if the crust 
is opened by a through-going fissure, the dead weight 
of the crust would tend to push up the substratum 
material at volcanic pipes to heights from three to six 
kilometers above sea-level. 

(2) The hypothesis automatically accounts for the 
latent heat of the erupted, fluid basalts. 

(3) Rising from a Tninimum depth of 60 kilometers, 
the basaltic liquid should be superheated. In fact the 
plateau-basalts, even after prolonged running and 
rapid radiation under the air, are still liquid to a 
degree apparently impossible if the flows started with¬ 
out superheat If not superheated, could thin basaltic 
(diabasic, gabbroid) sills spread underground in their 
astonishing wayT 

(4) Without exception known to me, the earth’s 
crust is basined where large volumes of basaltic 
magma were erupted at or near the surface, in the 
form of basaltic plateaus, or major cones, or lopo- 
liths. The diameters of such structural basins mea¬ 
sure hundreds of kilometers, a size suggesting that 
each erupted mass was transferred from a single, con¬ 
tinuous earth-shell. 

(5) The hypothesis seems to be the most adequate 
as a basis for deriving the origin of the 700 other 
species of post-ArcTiean igneous rocks. Endowed with 
both latent heat and superheat, the erupted basaltie 
liquid is capable of melting and assimilating crust 
rocks, and these reactions, followed by diflerentiation 
of the synteotics, account for many of the non-basaltio 
species. On a particularly grand scale are the ex¬ 
pected reactions and diflerentiations if large masses 
of the crust are thrust into, or founder in, the vitreous 
substratum. 

The development of betholiths in orogenio belts was 
one of the earliest discoveries of earth science, and 
since Hutton’s time has been accepted as proof of 
major, vertical die^lacement of melted rock. Why 
most batholiths are acid, granitic, is still a mooted 
question, but the best answer seems to be suggested 
by the twentieth-century proofs of extensive horizon¬ 


tal displacement of solid crust rooks towards each of 
the erogenic belts. This displacement is indicated by 
the arcuate ground-plans of the completed mountain- 
structures, by the nappe phenomena, and by the 
juxtaposition of geosynclinal facies originally distant 
from each other. Whether due to the earth’s contrac¬ 
tion or to the forceful, horizontal migration of inde¬ 
pendent blocks of continental size, each of the dis¬ 
placements involves an enormous addition of the solid 
material of the crust to the corresponding geosynolinal 
belt. The old view that this material or its equivalent 
volume of rock was locally piled up in excess on the 
earth’s body, immediately giving each mountain- 
structure height to match, seems not to be in accord 
with the facts. For several young chains o^ moun¬ 
tains are still largely submarine, and others, somewhat 
older, attained their actual heights long after folding 
and thrusting had ceased. There appears to be only 
one alternative: the excess crust material sank into 
the earth’s body at about equal pace with the orogenic 
paroxysm. In other words, the horizontal displace¬ 
ment of crust rock towards the geosynclinal belt was 
accompanied by vertical, downward displacement of 
crost rock in the belt. Such subsidence must be by 
downthrustiug or downpulling, with the development 
of deep mountain roots; or by foundering of large 
pieces of the crust; or by both processes. If the 
material beneath the crust were crystalline and denser 
than the crust, neither downthrusting nor foundering 
on the required scale would be possible* Both axe 
possible if the outer earth-shells are constituted as 
shown in Tables I and II. 

Furthermore, it is worth noting that continental 
migration through the distances credited by Argand, 
du Toit, Heim, Holmes, Staub and Taylor, and ev^ 
the horizontal displacements of the crust credited by 
Kober, who retains the contraction theory of moun¬ 
tain-building, are alike incredible unless the crust at 
each orogenic belt can sink deeply into a suborustal 
layer. Hence, without assuming great weakness for 
this layer and also for it a density no greater than the 
mean density of the crust, both the oontraotionist and 
the migrationist are in trouble. Both are in still more 
trouble if they assume the horizontal displacement of 
crust rock to depend upon the horizontal soiission, 
shearing, of strong orystalline rock from strong crys¬ 
talline rook through the long distances and over the 
wide areas demanded. On the other hand, the resis¬ 
tance to such displacement is ineomparably less if the 
crust moves over hot glass with the expected, little 
or no strength. 

When there is strong horizontal displacement of the 
erystaJline crust over the subetratum, the crust yields 
at a geosynolinal prism. In part the roots of the 
mCnntain structure generated along that aone axe due 
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to downwarping of Sial and erystalliaed Sima. In 
part the local omst is broken into huge blocks, which 
founder in the substratam. This process may be 
called inajor atoping, to distinguish it from the ordi< 
nary piecemeal atoping at batholithio contacts. Major 
Btoping means the local invasion of the crust by 
extraordinarily great volumes of substratum material, 
which at the higher levels loses much of its viscosity 
and becomes more typically magmatic basalt. Thus 
we have ahyaadl injection of the crust and that at 
maximum. 

The foundered blocks and the deeply sunken roots 
of the new mountains are heated by the substratum, 
in which the temperature increases downwards from 
about 1,300° to a higher temperature, fixed by the 
thermal gradient (perhaps in average as much as 10° 
per kilometer of descent for some distance). There 
the immersed crystallines are selectively fused. The 
first of the secondary liquids melted out of the basic 
rooks are derived from the minerals that go into 
mutual solution at comparatively low temperatures. 
Sialic rocks will undergo this pure-melting at tem¬ 
peratures well below even the lowest temperature of 
the substratum. On account of viscosity true abyssal 
assimilation will be subordinate to pure-melting, but 
is also to be considered. All derived liquids are less 
dense than the basalt of the main abyssal injections 
and rise through it, to invade the mountain roots, 
which already inclose chilled, solidified apophyses 
from the basalt. These more salio bodies, due to the 
self-cleansing of the primary basalt, are bottomless 
in the sense of lacking floors of crystallized rock. 
For them the name major abyaaoUtha (Greek, abyaaoa, 
bottomless) is proposed. 

Thus one important class of batholiths is specula¬ 
tively explained, though in my opinion the word 
“batholith” should be defined without reference to its 
mode of emplacement 

The imagined mechanism implies that the magmas 
invading the mountain-structure during the prolonged 
petrdgenetic cycle should be in the general eruptive 
aequence from basic to acid—the order actually ob¬ 
served. It involves also the important principle of 
reaurgency, that is, the rise of both liquids and gases 
that had belonged to the now melted and assimilated 
parts of Sial and Sima. 

In comparison with basalt, acid rock shows a 
greater volume change in melting and almost cer¬ 
tainly has a smaller latent heat. Hence, if pure-melt¬ 
ing of Sialic rook takes place at the substratum levels, 
and if the resulting liquid rises high into the mountain 
roots, it must be superheated considerably more than 
the primary basalt, risen to the same high levels. 
Have we here a partial e 9 q;>lanation of the ‘^catistic," 
zepladng action of many batholiths on the intruded 


formations f I ask this even though we have so little 
field evidence of superheat in flows of rhyolitic lava. 

Syntexis (pure-melting plus assimilation) is, then, 
supposed to be largely concentrated in the substratum 
itself, but should be expected also at all higher levels 
within the masses of primary liquid injected into the 
crust. Sediments as well as older igneous rocks will 
be so affected. 

The suggested scheme implies a genetic classification 
of nearly all of the igneous rooks (here omitted). 

Some Objections: Finally, a word about certain 
arguments against the crust-substratum hypothesis. 
That supposed to derive from the high velocities of 
eorthqiud^e waves below the 60-kilometer level has 
lost practically all its force since Bridgman measured 
the compressibility of tachylite. The objection that 
the hypothesis implies danger of general catastrophic 
foundering of the crust fails to recognize the strength 
of the crust as ample security against that danger. 
Jeffreys, Joly, Richardson and Kirsch are others who 
agree with this judgment. Foundering occurs only 
where the crust rocks are wholly immersed in the sub¬ 
stratum, but immersion is difiicult and needs the 
coarse brecciation of the crust at orogenic belts. 

The repeated objection founded upon the high 
rigidity of the outer shells is likewise fallacious. The 
actual rigidity is relative to the smallness and periodic 
character of the stresses set up by the passage of 
earthquake waves, the wave of the body tide and by 
the elastic reaction of the globe to the Eulerian nuta¬ 
tion. The stresses persist for the limited times be¬ 
cause of the earth’s viscosity, a quantity all the greater 
because the stresses are small, as Adams and William¬ 
son found when experimenting on hot glass. In any 
case, the proof of rigidity gives no information about 
strength, so that there is no evident ground here for 
doubting the vitreous state of the basaltic substratum 
and of the shells lying between it and the iron core. 

Conclusion 

We have briefly surveyed an old problem, weighted, 
as few others ar^ with fundamental meaning for geol¬ 
ogy, A problem it will long remain. Cosmogonic 
theory, seismological results, study of thermal gradi¬ 
ents and of isostatio, adjustment, like the multitude 
of facts of tectonics and petrology, all seem to sup¬ 
port a thesis: Our planet is still too hot to crystallize 
at any depth greater than about 80 kilometers or 50 
miles. But the support is not proof, nor is any theory 
of the earth to be absolutely demonstrated. As usual 
in the leading questions of science^ we are pragmatists 
and search for the theory that works best. The thin- 
cruit theory appears to work best Tet the chief 
reason for patting it in the foreground is the fact that 
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it can guide to fruitful research iu the future. As seeing in the shells and oore of the earth erplanation 
never before, the geologist realizes the meaning of the for the dramatio changes registered in its relief and 
ancient maxim, “deep calleth unto deep,” the need of visible rocks. 


A PROGRAM OF MEDICAL CARE FOR THE 
UNITED STATES 

By Dr. C.-E. A. WINSLOW 

PROTESSOft or PUBIiTO HEALTH, TALE SCHOOL OP MBOrCXHE; CHArRSfAN, EXECUTIVE COMMnTEE 
or THE COMMITTEE OM THE COSTS OP MEDICAL CARE 


In every field of human activity we are to-day fac¬ 
ing one common problem—the problem of adjusting 
our social order to the altered conditions produced 
by a revolution in technology. ‘‘Neither do men put 
new wine into old bottles; else the bottles break, 
and the wine runneth out, and the bottles perish: 
but they put new wine into new bottles, and both 
are preserved.” 

The traditional relationship between a physician 
and his patient, for example, was admirably adapted 
to the conditions of a century ago. It was indeed 
one of the finest and most fruitful examples of human 
relationship which one could well imagine. The physi¬ 
cian practiced an art over which he had complete con¬ 
trol and mastery. In his head he could cany all the 
knowledge then in existence and in his black bag 
all the paraphernalia available for the healing of the 
sick. His profession was a priestly mission, not a 
business. Ho cared for all who were in ncfed of his 
ministrations. Those who could pay nothing paid 
nothing and those who could contributed in propor¬ 
tion to their means for the support of an honored 
servant of society. The physician and his patients 
were neighbors and friends. They knew each other 
intimately and for a lifetime, and the adjustment be¬ 
tween service and recompense in a given case was 
made almost automatically. 

This is, of course, an extreme statement of the 
actual situation; but it represents an essential ideal 
which underlay the relation between the doctor and 
his patient at the dawn of the machine age. It is a 
relationship which still exists to-day. Most of us 
know physicians and patients who maintain contact on 
the same elevated plane. Yet it would be safe to say 
that such a relation is rare and is becoming more rare 
with the passing of the years. This is due first of 
all to changes iu medicine itself. The old art is now 
also a new science. No longer can one man under¬ 
stand it or practise it by himself. There must be 
specialists and consultants of many and diverse kinds 
(some twenty-five such specialties are now recognized). 
There most be well-equipped and costly hospitals. 
There most be nurses. There must be laboratories and 


laboratory technicians. There must be physiotherapy, 
devices of numerous kinds and special experts to use 
them. There must be x-ray machines and radiologists. 

Equally fundamental in their influence upon the 
older ideals of medical practise are the changes pro¬ 
duced by technology in the general social order it¬ 
self. The old neighborhood life has gone and with 
it the intimate and prolonged personal contacts which 
made the old relationship between physician and 
patient simple and easy of attainment. Still more 
deeply is this relationship affected by the subtle forces 
of a society dominated by the profit-motive in which 
as John Dewey has pointed out in “Individualism Old 
and New,” old motives of social responsibility have 
disappeared and new ones have not yet been de¬ 
veloped to take their place The physician finds him¬ 
self half priest and half business man, a servant of 
society in a world which has ceased to recognize ser¬ 
vice except as me^wured by financial return, a busi¬ 
ness man in a field where the fundamental require¬ 
ments of basic human need preclude the application 
of ordinary principles of economic individualism. 

It is characteristic of the forces which dominate 
our civilization that the impulse which actually pre¬ 
cipitated a broadly conceived study of this vital social 
problem was largely an economic one. It was pri¬ 
marily wide-spread complaint of the financial burden 
of illness on the one hand and legitimate dissatisfac¬ 
tion on the part of the professions and agencies 
furnishing medical service on the other which led to 
the formation on May 17, 1927, of the Committee 
on the Costs of Medical Care. From the first, how¬ 
ever, the committee realized that it was impossible to 
consider costs without considering quality as well 
and it has set as its ultimate goal the “development 
of preventive and thera|>eutio servioes in such kinds 
and amounts as will meet the needs of substantially all 
the people” and the provision of such services ^‘on 
financial terms which the people can and will meet| 
without undue hardship, either through individual or 
collective resources.” 

The committee which made its final report on 
cember 29 last, was composed of 48 members under 
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the chairmanship of Dr. Ray Lyman Wilbur. Twenty- 
five of its members held the de^ee of doctor of medi¬ 
cine. Analyzed in another way, seventeen were pri¬ 
vate practitioners of medicine and dentistry, ten were 
representatives of institutions and special interests, 
six were public health workers, six social scientists 
and nine representatives of the general public. Funds 
for research were obtained through the generosity of 
eight foundations, and many other agencies have co¬ 
operated whole-heartedly in the conduct of special 
studies. An administrative staff was organized under 
the leadership of Harry H. Moore, whose vision has 
throughout been the inspiring force in the work of the 
committee. A brilliant research staff under I. S. Falk 
has been responsible for the actual conduct of the de¬ 
tailed investigations. The studies have been completed 
on schedule time (an almost miraculous result!) and 
have been published in 27 volumes.^ The twenty- 
eighth and final volume, ^'Medical Care for the Amer¬ 
ican People,” is the report of the committee itself, 
signed by 35 of the 48 members of the committee. 
Minority reports were presented by two groups (one 
of eight physicians and an institutional representa¬ 
tive, the other of two dentists) who find the report 
of the committee too radical; special minority state¬ 
ments were presented by a public health worker and 
a social scientist who find it too conservative. 

In analyzing the findings of the committee it mil 
be well to begin with one study which has received as 
yet but little attention but which should ultimately 
prove of far-reaching significance. This is Report No. 
22 on ‘‘The Fundamentals of Good Medical Care,” by 
Roger I. Lee and L. W. Jones. It gives us first an 
analysis of the number and kinds of illnesses to be 
cared for in the United States, second, an estimate of 
the amount and kind of medical caro (home and office 
visits, laboratory tests, x-rays, days of hospital care, 
etc.) required by the average illness of each type. 
From these data the number of general practitioners, 
specialists, dentists, nurses, hospital beds, etc., needed 
for a given population are then computed. These 
analyses lead to the encouraging conclusion that a 
slight increase in medical personnel (with a consid¬ 
erable decrease in specialists), a very slight increase 
in nurses, and a considerable increase in dentists would 
be needed to meet the ideal needs of the American 
people for complete and adequate medical care. With 
proper organization they estimate that such complete 
care (preventive and curative, including effective 
health service and all nursing and hospital costs and 
charges for drugs) could be provided at an average 
cost of $30 per person per year. 

The actual expenditure of the Amerioan people for 
medical care is to-day very close to this sum—$3,656,- 


000,000, or $30 per capita; hut the actual service 
rendered is very far from the adequate care which 
could be purchased for such an amount. The com¬ 
mittee has obtained a remarkably clear picture of 
the existing situation. It has first of all (in Study 
26) made a study of medical costs during a twelve- 
month period in nearly 9,000 families, representing 
various geographical areas and various economic 
levels; and it has supplemented this by intensive 
studies of community facilities in Shelby County, 
Indiana, the city of Philadelphia, the city of Detroit, 
San Joaquin County, California, the state of Vermont, 
and three representative southern counties (studies 6, 
9, 10, 12, 13 and 23). These investigations reveal the 
following outstanding deficiencies in the present status 
of medical care. 

A. Maldistribution of facilities in various geo¬ 
graphical areas. These may he illustrated by the fact 
that in 1929 there was one physician to every 1,431 
persons in South OaroLina and one to every 571 in 
California; one dentist to every 6,274 persons in 
Mississippi, and one to every 990 persons in Oregon; 
one hospital bed to every 749 persons in South Caro¬ 
lina and one to every 154 in Wisconsin. Conditions in 
the Southern states are nothing less than appalling, 

B. Maladjustment of services in all areas. In the 
rural areas, even where general practitioners ore 
available, there is grave lack of hospital and labora¬ 
tory facilities and of consultation service; and even 
in cities many physicians lack the hospital connec¬ 
tions which would make the most effective work pos¬ 
sible. On the other hand, the cities as a whole show 
a markedly excessive development of specialization. 
Forty-five per cent, of the physicians of the country 
have completely or partially limited their practise to 
a specialty, where we estimate that 18 per cent, would 
suffice for the real needs of the situation. Some 
patients suffer from lack of specialist service and 
some from too much. 

C. Waste in the provision of service. There is 
wide-spread waste of time and of overhead costs in 
the rendering of service on an individual basis. About 
40 per cent, of the average physioian^s income is 
consumed in overhead expense. The average physi¬ 
cian also, partioalarly in the years immediately fol¬ 
lowing graduation, wastes a large part of his time 
in waiting for patients, while the older man with un¬ 
usual capacity in some particular field wastes much 
of his time in routine functions that a younger man 
could perform quite as well. 

D. Unwise expenditures for medical care. Of the 
total of $3,656,000,000 a year now spent by the 
Amerioan people for medical care, 360 million dollars 
go for “patent medicines” and 125 million dollars for 
the services of cultists and irregular practitioners who 


^ The University of Ghieago Frees. 



104 


SCIEirCB 


Vou 77, No. 1M7 


have nover studied the human body and do not under- 
staud its working. 

E. Economic burden of emergency illneaB, The 
average expenditure of $30 per capita per year does 
not seem exorbitant. It amounts to about 4 per 
cent, of the national income, less than we pay for 
household furnishings and supplies, less than half 
we pay for automobiles and only slightly more than 
we pay for recreation or for education or for tobacco, 
oonfections, ice cream and soft drinks. Such an 
average, however, gives no picture whatever of the 
actual situation. The other items mentioned can be 
predicted and budgeted; but sickness can not. Our 
studies bring out the astonishing fact that in the 
group of families with inoomee under $2,000 a year 
(about half the population of iho United States) one 
per cent, of the families spent over $600 in one year 
for medical care. It is this hundredth family (over 
one million of them in the United States in a given 
year) which contributes from one quarter to one half 
of its annual income to meet the emergency cost of 
illness which constitutes the critical economic problem 
in the field of medical care. 

F. Inadequate compensation for persons and 
agencies providing service. One result of such eco¬ 
nomic maladjustment is that the compensation of the 
individuals furnishing service is on the whole inade¬ 
quate and uncertain. The average net income of 
physicians in 1929 was $5,300, which may or may 
not be considered reasonable; but the median net 
income was only $3,500, and one third of all physi¬ 
cians had net incomes below $2,600. Private duty 
nurses were in a desperate situation even prior to the 
depression. Voluntary hospitals in many areas are 
now in serious danger of being forced to close their 
doors. 

G. Inadequate care of the sick. The second result 
of economic maladjustment is that a shockingly large 
amount of illness is now actually uncared for (in 
spite of the potential adequacy of the resources at 
our disposal). The table below presents some of the 
most disturbing facts brought out in our study. 

Clearly, the common catchword that ‘'only the very 
rich and the very poor receive good medical care^' is 
only half true. The very rich are reasonably well 
oared for (except for dentistry) and have slightly 
more special nursing than th^ need; bnt as one goes 
down in the economic scale the adequacy of care be* 
comes less and less, except that the very low income 
levelB receive more hospital care than those in the 
middle range. The lower half of the population (be¬ 
low $2,000 annual income) receive only a little over 
one third of the physicians’ visits, less than two 
thirds of the hospital care, a little over one tenth of 
the dental care and a little over one tenth of the 
spedfll nursing care required. 


H. Lack of preventive services. Finally, there is 
everywhere a grave lack of the applications of modem 
medical science to the prevention of disease. We 


Services received in families 
with specified incomes 
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Physicians * 
home, office 
and clinic calls 

per person ... 1.9 2.0 2.3 2.7 3.6 4.7 6.6 


Days of hospital 
care per per¬ 
son 0,9 0.7 0.8 0.6 0.8 1.2 1.4 

Dental care, per 
person over 8 

years of age 0.1 0.2 0.2 0.3 0.4 0.6 1.0 

Cases receiving 
special nursing 
care per hos¬ 
pitalized cajse .. 0.1 0.1 0.2 0.3 0.4 0.7 0.6 


talk about preventive medicine and annual health ex¬ 
aminations, but wo do not practise them. As long as 
preventive services are immediately contmgent on the 
payment of a fee for such services they can not be 
urged by the physician and they will not be sought 
by the patient. 

So much for the defects in the operation of the 
general machinery for the provision of medical care 
to the American people. A second group of studies 
made by the conunittee deals with a very different 
picture found in certain special population groups 
where experiments have been made in providing medi¬ 
cal care ou a different basis through organised social 
planning. Reports have been presented on four dif¬ 
ferent types of services of this kind—industrial medi¬ 
cal Services providing medical care fox employees and 
their families, conducted by the Endicott-Johnson 
Company, the Homestake Mining Company and at 
Roanoke Rapids, North Carolina (Nos. 5,18 and 20); 
university medical services at California, Cornell, 
Michigan, Oregon and Yale (No. 19); service provided 
for officers and men and their families at an army 
post at Fort Benning, Georgia (No. 21) and service 
provided by tax-supported physicians in the rural 
areas of Saskatchewan (No. 11), 

It must not be inferred that the committee presents 
these instances as necessarily typical of industrial or 
military or other forms of ozganised medieal oare. 
The programs studied were chosen because they vere 
believed to be good examples and they ere s&gxAfLvaatAf 
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not necessarily as pictures of average organized prac< 
tise to-day, but as illustrations of what organized 
practise can accomplish when properly safeguarded. 

From this standpoint, the experiments reviewed are 
highly encouraging. They show us representative 
population groups which under an organized program 
are receiving a type of medical care which is free 
from practically all the limitations operating in the 
country as a whole. The beneficiaries of these ser¬ 
vices are receiving a far greater amount of medical 
care and medical care on the whole of better quality 
than corresponding economic groups in the general 
population. The expense of the service provided 
varies according to its completeness. The rural ser¬ 
vice in Saskatchewan which covers only home and office 
calls by physicians costs only about $2 per person 
per year. That at Homestake which does not cover 
dentistry or home nursing costs a little over $12. The 
highly developed and practically complete services of 
the Endicott-Johnson Company, the Fort Benning 
Post and the better equipped universities costs from 
$20 to $30 per person per year. In other words the 
actual cost corresponds very closely to the average 
expenditures of the general population at a corre¬ 
sponding economic level; but the service is something 
like twice as extensive. At Roanoke Rapids, fur ex¬ 
ample, the mill population paid for their organized 
service $8.72 per capita per year as against $5.17 paid 
by the rest of the community (the latter being on a 
slightly higher economic level); the mill group, how¬ 
ever, received three times os much hospital care, nearly 
twice as many physicians’ office and home calls and 
ten times as many home nursing calls us did their 
fellow townsmen. At Homestake the organized group 
provided for $71,000 service which at current local 
rates would have cost $175,000. 

The increased values obtained from organized ser¬ 
vice, in such instances as those cited, are not in any 
sense derived from exploitation of the professional 
personnel conoemod but by elimination of waste time 
ani needless overhead charges. The salaries of physi¬ 
cians in Saskatchewan and in the industrial and uni¬ 
versity service cited are well above the average for 
similar areas, and in general for the country as a 
whole. ^ 

The funds are obviously derived from various 
sources—^from the tax levy in Saskatchewan ai;id at 
Fort Benning, from the students in the universities, 
from employer or employee or both in the indus¬ 
tries. In all instances, however, payment by the 
potential patient is on a fixed annual or monthly 
basis, so that the crippling burden of emergency Ul- 
ness is eliminated. Finally, as the Saskatchewan doc¬ 
tors and the industrial physicians testify with particu¬ 
lar emphasis, the removal of the pecuniary inhibition 


in connection with a particular service makes it in¬ 
finitely easier on both sides to offer and to receive 
medical care of a preventive and therefore really fruit¬ 
ful kind. 

These investigations have, then, led the commit¬ 
tee to its two major recommendations. The first of 
these is “that medical service, both preventive and 
therapeutic, should be furnished largely by organized 
groups of physicians, dentists, nurses, pharmacists 
and other associated personnel. Such groups should 
be organized, preferably around a hospital, for render¬ 
ing complete home, office and hospital care.” The 
chief difficulties which the committee bebeves can be 
overcome by group practise are listed as follows: 

The lack of coordination between general practitionere 
and specialists; tho isolation of eomo practitioners from 
helpful contacts with their confreres and from hospitals 
and medical agencies; the lack of adequate supervision 
and control over the quabty of some medical care; the 
enforced idleness of many physicians because of lack of 
patients; the difficulty experienced by patients in choos¬ 
ing qualified physicians; the unnecessarily large expen¬ 
diture for overhead costs made by practitioners in indi¬ 
vidual private practice; and the increasing complexity 
of medical service which necessitates tlie use of ever- 
multiplying equipment, as well as a larger number and 
variety of subsidiary personnel. 

Secondly, the committee recommends “that the costs 
of medical care be placed on a group payment basis, 
through the use of insurance, through the use of 
taxation; or through the use of both these methods.” 
The argument here is, of course, obvious and inescap¬ 
able. Only by distribution of costs over a period of 
time and over a group of families can the crippling 
economic burdens of emergency illness be avoided. 
Only by such distribution of costs on a fixed annual 
basis can the general use of preventive measures be 
brought within tho range of practical possibility. 

The ideal of the committee is the development in 
urban areas of community medical centers organized 
about existing hospitals. In some instances those 
would be city or county or town hospitals (particularly 
in rural areas). More often they would be voluntary 
hospitals, directed as our non-offloial hospitals are 
to-day by a lay l^ard representing community inter¬ 
ests. Practically all the physicians, dentists and 
private duty nurses in a community might be on the 
staff of one or another of the hospitals, and these 
staffs would be organized as those of our best hos¬ 
pitals are to-day, so that qualified chiefs of services 
would be responsible for the quality of service 
rendered. All professional policies would be directed 
by the professional groups concerned. Complete pre¬ 
ventive and curative care of all types, in home, office 
and ward, would be provided for one fixed annual 
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fee. The majority of phyeiciaiia on the staff would 
be general practitioners and the individual would 
choose his own family physician with complete free¬ 
dom among those available in the centers within his 
reach. 

Such completely equipped centers might serve more 
than 60 per cent, of the American people who live in 
communities of over 15,000 or within reach of them. 
For smaller isolated towns (about 10 per cent, of 
the population) small branch hospitals could be used, 
affiliated with the larger centers for consultation ser¬ 
vice and for the handling of specially difficult cases. 
For the villages and rural areas (including slightly less 
than 40 per cent, of our population) still smaller 
^^medical stations’’ should be established with one or 
two physicians, a dentist, a trained nurse-midwife and 
other public health nurses. They would rely upon 
medical centers or branches for facilities and service 
they could not themselves supply and would be visited 
at intervals by specialists from such centers. 

The method of accumulating the collective reserves 
to pay for services would differ with local conditions. 
In remote rural areas the tax levy (as in Saskatch¬ 
ewan) would seem to be the only promising source. 
For the indigent in all areas the tax levy would neces¬ 
sarily provide, as it does (inadequately) at the present 
day. In industrial communities the employer might 
properly contribute his share, as he often does now. 
It seems highly desirable, however, for the develop¬ 
ment of a due sense of personal responsibility that as 
large a proportion as possible of the costs of medical 
care should be borne by those who are to receive 
that care—in other words, by payment from individual 
families through the medium of an insurance plan. 

This is the method which has been universally 
adopted by the nations of western Europe (in contra¬ 
distinction to the tax-supported state medical service 
of Russia and certain other countries of eastern 
Europe); and, in general, these nations have moved 
steadily forward from experiments with voluntary 
group purchase to programs of compulsory state in- 
suranee. The committee is nearly unanimous in 
recognizing that complete coverage of all those who 
require care can only be ultimately attained in the 
United States by a system of compulsory insurance. 
If and when such a program is adopted we trust 
that insurance for medical care may be sharply and 
completely separated from insurance covering wage 
losses due to illness, since we feel that the difficulties 
experienced in Europe have been largely due to con¬ 
fusion between these two different objectives. 

The majority of the committee is not, however, 
prepared to recommend compulsory sickness insurance 
in any form at this time—chiefly for the following 
reason. We do not believe that adequate medical care 
can ever be provided by private physicians operating 


on a purely individualistic basis, and if the introduo- 
tion of compulsory insurance crystallized and forti¬ 
fied the present system of medical practise, we be¬ 
lieve that the dangers would outweigh the benefits. 
We should like, therefore, to see a period of experi¬ 
mentation with voluntary group purchase going hand 
in hand with the development of group practice so 
that when compulsion comes the public can contract 
with well-organized and well-established medical cen¬ 
ters and their cooperating agencies. We can begin 
with industrial groups, church groups, neighborhood 
groups and other voluntary aggiegations, while we are 
gaining experience in medical Organization and in ac¬ 
tuarial practise; and that this 't not an idle dream is 
shown by experience in Eng’^ \ where something like 
six million people are now for hospital care 

in voluntary groups. ^ t 

The report of the Committeethe Costs of Medi¬ 
cal Care has already, in the- brief time since its 
appearance, been subjected to very vigorous criticism. 
This is highly encouraging, since only platitudes re¬ 
ceive easy and general acceptation. Many of these 
criticisms, however, are obviously made by those who 
have never read the report, since they condemn it for 
positions which it does not imply in any shape or 
form. 

We have, for example, been charged in supposedly 
serious scientific quarters of advocating socialism and 
communism and of ‘^inciting to revolution.” Yet the 
entire program advocated by the communite is based 
primarily on group practise in voluntary hospitals 
and on group purchase by privately organized bodies 
of citizens. The tax levy is only brought in for 
rural areas where there is no other source of funds 
and for the support of the indigent which is already 
a universally accepted form of socialism. We believe 
that the policy we have proposed is the only way of 
forestalling a type of state action which has become 
almost universal in Europe and which will be in¬ 
evitable here if such forms of voluntary group plan¬ 
ning as we have suggested can not be successfully 
evolved, 

A second ground of opposition to the report is 
that it advocates a type of group service called by the 
medical profession ‘^contract practise” which may 
readily be made the agency of ‘‘unfair competition.” 
Here, the whole question hinges on what is meant by 
“unfair competition.” If a group of physicians render 
a substandard type of service there is certainly unfair 
competition with their professional confreres. If, on 
the other hand, a group of physicians is exploited 
through overwork or underpayment by an industry or 
some other agency organizing a group, there is un¬ 
fair competition. Either of these conditions will in¬ 
jure both the public and the profession and should 
be strongly condemned. But if it be found (as U has 
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often been found) that a gproup of physicians can 
reoave ample compensation and yet furnish equivalent 
care to patients at lower cost than can their indi¬ 
vidual oolleagues in the community, we have a different 
story. The advantages of group practise which accrue 
directly from the organised nature of that practise 
are clearly in the interest of both the profession and 
the public. No condemnation of ^'unfair competi¬ 
tion” which is based only on such advantages can 
ultimately be maintained. 

Opposition to the plans of the committee is also 
based on the fear of ^^lay control” of medical practise. 
The committee is quite at one with such critics in 
stating clearly that "lay groups organized for profits 
have DO legitimate place in the provision of this vital 
public service.” On the other hand, it is apparent 
that in a "vital public service” there are vital public 
interests at stake. Medicine can not to-day be prac¬ 
tised without large capital sums invested in hospitals, 
laboratories and clinics; and the public must con¬ 
tinue to have its voice in the management of such in¬ 
stitutions. The combination of a lay board represent¬ 
ing the public interests involved and a professional 
stair in full control of professional policies seems to 
offer the only rational solution of the problem. 

Finally, there is the fear that group practice and 
group purcbase would mechanize medicine and wipe 
out the essential personal relationship between physi¬ 
cian and patient. There is no doubt that this has 
happened in some group practices, and there is no 
doubt that where it does happen it is destructive of 
the essential basis of good medical care. There is 
no reason, however, why it should happen. It does 
not appear to have happeJied in the university and 
industrial services we have studied or at Fort Benning. 
It does not happen in many of our best clinics where 
the appointment system is coming into use. In a 
properly organized medical center such as we have 
described the relation between family physician and 
patient (which has so largely disappeared from 
private practice in urban centers) oould be restored 
to a new importance and dignity and freed from the 
constant inhibitions on both sides which are duo to 
the intrusion of the element of pecuniary respon¬ 
sibility at every stage in what should be a free personal 
relationship. 

The committee does not of course recommend the 
immediate completion of its program on any general 


scale or indeed in any given community. It does en¬ 
dorse the principles of group practice and group pur¬ 
chase as basic in any sound program of advance; but 
it recognizes that local differences—social, economic, 
geographical, psychological—will make widely dif¬ 
fering applications of these principles desirabla 

The oommittee recommends “that the study, evalua¬ 
tion and coordination of medical service be considered 
important functions for every state and local com¬ 
munity, that agencies be formed to exercise these 
functions, and that the coordination of rural with 
urban services receive special attention.” It urges 
experimentation in the direction of expanding existing 
institutions, hospitals, group clinics, pay clinics, in¬ 
dustrial and university medical services and the like. 
To readers of Scibince it may be of particular interest 
to note the recommendation that 

The student health services, found feasible in certain 
universities, may be extended to other universities and 
academic Institutions, and the services made available on 
a suitable periodic payment basis to faculty members 
and their dependents and to other university employees 
and their dependents. In college towns it may fre¬ 
quently be feasible to expand the university medical ser¬ 
vice into a community medical center which serves 
townspeople as well as students. 

To quote again, 

The atm should be to adopt objectives which at pres¬ 
ent seem sound, and to develop definite and purposeful 
experimental methods of approaching those objectives, 
preserving, insofar as it is compatible with effective ser¬ 
vice, the maximum amount of local self-support, and 
self-control, and the greatest freedom, consistent with 
social welfare, for the professions and the agencies in¬ 
volved. Although too great decentralization of authority 
limits competence and threatens economic effectiveness, 
too great centralization of authority in any plan carries 
with it elements of ultimate weakness. Fortunately, we 
have retained in this country a wholesome locaJ respon¬ 
sibility for medical service. This fact means that oppor¬ 
tunities exist for trying out many plans under various 
and variable conditions. Where action can be limited to 
the city or county, wo have several thousand experiment 
stations. If state action is necessary, there are forty- 
eight laboratories. 

Experimental social planning along sound theoret¬ 
ical lines, but based on existing American institutions 
—^this is the objective set before us for the solution 
of the economic problem of medical care. 


OBITUARY 


ORMOND STONE 
1847-1933 

ArrsB living to the ripe age of eighty-eix years, 
Professor Ormond Stone was instantly killed on Jan¬ 


uary 17 near his home in Centreville, Virginia, when 
struck by an automobile while he was walking along 
the road. With his passing, the University of Vir¬ 
ginia loses its oldest professor and astronomy a noted 
figure. 
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He was bora in 1847 in Illinois and he received 
the M.A. degree from the University of Chicago. 
For five years he was at the U. S. Naval Observatory 
in Washington and left there in 1875 to go to the 
Cincinnati Observatory as director. When Leander 
McCormick, the son of the inventor of the famous 
reaping machine, gave to the University of Virginia 
the 26-inch refractor, the telescope was the largest 
and the finest in the world. In looking for a director, 
the distinguished astronomer Simon Newcomb recom¬ 
mended for the position the director of the Cincinnati 
Observatory. For thirty years, from 1882 to 1912, 
when he was retired on the Carnegie Foundation, 
Professor Stone directed the work of the McCormick 
Observatory. No photographic work was attempted, 
but valuable visual observations v/ere made on double 
stars, variable stars, nebulae, the satellites of Saturn, 
etc. In addition, he observed three total solar eclipses, 
that of 1869 in Iowa, he was in charge of the Naval 
Observatory expedition to Colorado in 1878 and of the 
McCormick expedition to South Carolina in 1900. 

Professor Stone was as much at home in the field 
of mathematics as he was in astronomy. He was the 
founder and the first editor of the Annals of Mathe¬ 
matics, later taken over by the American Mathemati¬ 
cal Society. 

The Vanderbilt fellowships at the University of 
Virginia attracted to the McCormick Observatory 
many capable young men. Among those now living 
who hold the degrees of doctor of philosophy from 
Virginia and who have attained prominent scientific 
positions are the following: Edgar Odell Lovett, pres¬ 
ident of Rice Institute; Heber D. Curtis, director of 
the University of Michigan Observatory; Charles P. 
Olivier, director of the Flower Observatory; Herbert 
R. Morgan, U. S. Naval Observatory; Ralph E. Wil¬ 
son, Dudley Observatory; G. F. Paddock, Lick Ob¬ 
servatory, and T. McN. Simpson, Randolph-Macon 
College. 

The combination of a great telescope and skill as a 
mathematician brought distinction to the University 
of Virginia. Naturally the McCormick telescope did 
not long remain the largest in the world. Four years 
after its opening, the Lick telescope of 36-inch aper¬ 
ture was dedicated. 

Professor Stone came of a prominent family. He 
was a brother of Melville Stone, for many years gen¬ 
eral manager of the Associated Press. 

S. A. Mitchell 

ARTHUR GRAY LEONARD 

Db. Arthur Gray Leonard, professor of geology 
at the University of North Dakota and state geologist 
for thirty years, died at his home in Grand Forks on 
December 17, 1932. He was born at Clinton, New 
York, March 16, 1866. He graduated from Oberlin 
College in 1889, received the degree A.M. from his 


alma mater in 1895 and the Ph.D. degree from the 
Johns Hopkins University in 1898. He served as as¬ 
sistant state geologist of Iowa, assistant professor of 
geology at the University of Mtlfcouri and professor 
of geology at Western College before going to the 
University of North Dakota in 1903. 

The wide range of Dr. Leonard's contribution to 
the knowledge of the geology of North Dakota is in¬ 
dicated by the titles of his numerous geological 
papers in scientific journals and the reports of the 
United States Geological Survey and the North Da¬ 
kota Geological Survey on such subjects as lignite 
coal, clay, gravel and the possibilities of oil and gas. 
A complete list of his publications numbers over 
fifty. 

Dr. Leonard's greatest contribution to the science 
aside from that avS a teacher was his addition to the 
basic knowledge of the geology of lignite coal, its 
origin and the relation of the lignite-bearing beds to 
the geologic time scale. Howard E. Simpson 

JOHN F. G. HICKS 

The many friends and former students of Dr. J. F. 
Q. Hicks will regret to learn of his death on December 
13, at his home in Portland, Oregon. At the time of 
his death he was teaching in the Institute of Tech¬ 
nology Junior College in Portland. His health failed 
while he was doing research at the Bureau of Stand¬ 
ards on paper deterioration (1929-1931). 

Dr. Hicks was bom in Philadelphia in 1884. He 
received his B.8. dcgi’ee from the University of Penn¬ 
sylvania in 1906, and his M.S. and Ph.D. degrees from 
the University of Illinois in 1916 and 1918, respec¬ 
tively. 

Besides holding several industrial positions, Dr. 
Hicks held professorships in the departments of chem¬ 
istry of Oregon State College, University of Nevada 
and North Pacific College. At the time of his death 
he was actively engaged in writing a textbook of 
chemistry. Ralph W. HuFFEBa) 

RECENT DEATHS 

Charles G. Fairchild, formerly professor of 
physics at Oberlin College and later president of 
Rollins College, died on January 20, at the age of 
eighty-nine years. 

Dr. Winfield S. Dudgeon, professor of botany at 
Ewing Christian College, Allahabad, India, died at 
Ames, Iowa, on December 26, at the age of forty-six 
years. Professor Dudgeon had been spending a sab¬ 
batical year in the United States. 

Dr. John H, Stumberg, a member of the research 
staff of the Rockefeller Institute at Princeton, died 
suddenly on January 20, at the age of twenty-six 
years. 

Natitre announces the deaths of Professor Paolo 
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Enriques, professor of zoology in the University of professor of oceanography in the University of Liver- 
Padua and president of the last International Con- pool, formerly director of the Marine Biological Sta- 
gress of Zoology, and of Professor James Johnstone, tion, Port Erin. 

SCIENTIFIC EVENTS 


INVESTIGATION OF THE CARIBBEAN 
REGION 

Aeranqements have been made between Yale Uni¬ 
versity and the Woods Hole Oceanographic Institu¬ 
tion for a continuation of the cooperative program 
of marine investigations in the Central American seas, 
which was inaugurated by the Yale Oceanographic 
Expedition to the Gulf of Mexico on the schooner 
Mabel Taylor last year. The research ship Atlantis, 
belonging to the institution, is now being equipped 
for a three-months oceanographic cruise in the Carib¬ 
bean, and is expected to leave Woods Hole at the 
beginning of February. 

A series of observations will bo made from Woods 
Hole to Bermuda and from Bermuda to Nassau, 
Bahamas, from which point the joint investigations 
take their start, with Professor A. E. Parr, curator 
of the Bingham Oceanographic Collection at Yale 
University, and a research associate of the Woods 
Hole Oceanogi’aphic Institution, in charge of the sub¬ 
sequent scientific work in the Caribbean waters. 

The contemplated investigations will be chiefly con¬ 
cerned with the general oceanic circulation in the 
Central American seas, particularly as it affects the 
transportation of water from the inflow of the North 
Equatorial current through the passages between the 
Windward Islands at the southeastern end to the out¬ 
flow of the Gulf Stream through the Straits of 
Florida in the North. Special attention will also be 
given to the problem of the origin of the cold bottom 
water in the isolated chains of deepsea basins extend¬ 
ing through the Gulf and Caribbean region. It is 
hoped that the results of the coming cruise, combined 
with the observations from last year’s expedition to 
the Gulf of Mexico, may prove sufficient to give a gen¬ 
eral outline of the oceanographic conditions through¬ 
out the Central American Seas on which further in¬ 
vestigations can be based. 

Along with the hydrographic observations, biolog¬ 
ical material will also be collected, and an attempt will 
be made to obtain an idea of the frequency of the 
larger deepsea animals by the use of a triangular 
otter trawl of much greater opening width than that 
of any gear previously employed for deepsea col¬ 
lecting. 

NATIONAL FELLOWSHIPS AT THE JOHNS 
HOPKINS UNIVERSITY 

Under the National Fellowship Plan of the Johns 
Hopkins University, Baltimore, Maryland, three 


$1,000 fellowships for graduate study of chemistry 
at the university will bo open to qualified students in 
colleges and universities this year. The three are the 
Francis P. Garvan Fellowship for New York, the H. 
A. B. Dunning Fellowship for Maryland and the Eli 
Lilly Company Fellowship for Indiana. The New 
York and Maryland fellowships have been endowed 
by their donors, while the Indiana fellowship has 
been renewed for a period of four years. The fel¬ 
lowships provide the student $1,000 annually for a 
period of four years. 

The purpose of the National Fellowship Plan is de¬ 
scribed as ‘‘the selection and training of chemists who 
are especially fitted to contribute to fundamental 
chemical progress”; and, under the jjlan, thirty-two 
men, representing thirty-two states, are now’ pursuing 
research on the grounds at the Johns Hopkins Uni¬ 
versity. Their work covers a wide variety of fields. 

The fellowships, providing $1,000 annually for a 
period of four years, give the recipients an oppor¬ 
tunity for fundamental training and original research 
in chemistry and related subjects. The four major 
branches of chemistry, inorganic, organic, physical 
and analytical, are studied, and an elective system of 
study is followed by the student. In addition to the 
fundamental curriculum, tlie students are given an 
opportunity for personal contact with leading Euro¬ 
pean and American chemists, through a visiting lec¬ 
tureship which has been provided by Dr. A. R. L. 
Dohme, of Sharpe and Dohme, Baltimore. 

The selection of the successful candidate is accom- 
plislied through state committees which evaluate the 
student’s complete previous scholastic record, and hia 
personal qualities as rated by his instructors. Stu¬ 
dents in the sophomore, junior and senior year of 
the colleges and universities of the designated state 
are eligible for the fellowships. The successful can¬ 
didates will be notified on or before April 1, 1933, 
and will begin their work at the Johns Hopkins Uni¬ 
versity in October^ 1933. 

FORMAT OF THE PHYSICAL REVIEW 

The Physical Review, together with the other jour¬ 
nals published by the American Institute of Physics, 
has adopted a new style and format, with two three- 
inch columns on the page as in Soiencb. It waa 
chosen in a conference of all the editors. The advan¬ 
tages of the new format are said to be the following: 

JSoonomp. For a given amount of reading material, 
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leas paper ia used and fewer press aperationa are re- 
quired. The saving is considerable. 

Seadability. The short line is recommended by au* 
thorities as being more easily and quickly read. This 
ia based on reading tests. In proofreading this issue^ 
the editorial staff accomplished the task with much less 
time and effort than heretofore. 

Adaptability. The larger two-column page permits 
adapting cuts, tables and formulas eitlior to the throo- 
inch or the six-inch width. There is less waste white 
space at the sides of such material. The page is thus 
more uniform in appearance as well as more oconomical. 
Large cuts and tables may now be displayed properly 
instead of having to bo turned lengthwise on the page. 

Convenience. More material ia presented on each 
page. Two open pages are tho equivalent of three or 
more pages of the old format. Scientific reading re¬ 
quires frequent references to tables and figures. There 
will now be less necessity to turn pages in consequence. 

Bound Volumes. Because of tho more efficient use of 
paper, the bound volumes will bo lighter. They will be 
slightly higher, but not too high for ordinary shelving. 
They will be thinner and so require less shelf space. 

THE JOURNAL OF CHEMICAL EDUCATION 
AND THE CHEMISTRY LEAFLET 

Industrial and Engineering Chemistry reports that 
certain changes, in effect January 1, 1933, have been 
made in the editorial and business departments of the 
Journal of Chemical Education and The Chemistry 
Leaflet. A signed statement by Lyman C. Newell, 
chairman of the Division of Chemical Education, ap¬ 
pears in the current issue of the Journal of Chemical 
Education^ and is essentially as follows: 

The withdrawal of financial support by the Chem¬ 
ical Foundation has necessitated certain changes in 
the editorial and business departments of the Journal 
of Chemical Education since its last issue. Neil E. 
Gordon has resigned as editor-in-chief and William W. 
Buffum as business manager. Otto Rein mu th is con¬ 
tinuing as editor and Harvey F. Mack has been ap¬ 
pointed business manager. 

The impending reduction, and possible withdrawal, 
of tho financial support which the Chemical Founda¬ 
tion so generously maintained for several years led 
to the appointment of a special committee at the 
Denver meeting of the division on August 22, 1932. 

The special committee rendered its final report to 
the executive committee early in December, and the 
report was accepted. 

When the special committee met on October 8 to 
consider the situation and formulate plans, it was 
learned that the Chemical Foundation could no longer 
grant financial aid for the Journal of Chemical Edu¬ 
cation and The Chemistry Leaflet, nor for the activi¬ 
ties of the division. Prompt and drastic action was 
imperative. The result of meetings and conferences 
of the special committee is substantially as follows: 


The ownership of The Chemistry Leaflet has been 
returned to Pauline Beery Mack, who convinced the 
special committee that she could continue its publica¬ 
tion. 

After extended efforts to find ways and means to 
continue the publication of the Journal of Chemical 
Education it was finally decided to accept the proposi¬ 
tion of the Mack Printing Co., whereby tho division 
shall continue to own and edit the Journal of Chem¬ 
ical Education and the Mack Printing Co. shall assume 
the business management and financial responsibility. 

Neil E. Gordon’s resignation os editor-in-chief has 
been accepted by the executive committee. The edi¬ 
torial office has been removed to Easton, Pennsylvania, 
where Otto Rein mu th continues to act as editor. 

In accordance with a recommendation of the special 
committee, the supervision and general control of the 
affairs of the Journal of Chemical Education will be 
lodged in a board of publication. Many details arc 
being worked out by this board in cooperation with 
the editorial and business departments. Further an¬ 
nouncements of details will be made in future num¬ 
bers of the Journal of Chemical Education. 

The Chemistry Leaflet continues in the same style, 
but the Journal of Chemical Education has a new 
cover, page size, style and topography. The general 
editorial policy of each publication will not be altered, 

DINNER IN HONOR OF EDWARD BAUSCH 

Edward Bausch, president of the Bausch and 
Lomb Optical Company, was the guest of honor on 
January 23 at the annual dinner of the Society of 
the Genesee, an organization of men and women who 
have lived in the Genesee Valley of New York State 
and who meet each year to honor an outstanding 
neighbor and renew old friendships. The annual 
dinners have been held in New York for many years 
and many notable men have been honored. 

The speakers included Major General James G, 
Harbord, chairman of the board, Radio Corporation 
of America; Dr. Arthur L. Day, head of the Geo¬ 
physical Laboratory, Carnegie Institution, Washing¬ 
ton, D, C.; Dr. Rush Rheos, president of tho Univer¬ 
sity of Rochester, and Louis Wiley, business manager 
of The New York Times. President Elon H. Hooker 
was toastmaster. 

A correspondent writes: 

Edward Bausch is one of America’s early microscope 
builders, starting when there were only eighteen micro¬ 
scopes in the entire country. He designed instruments 
and devised methods of producing them in sufficient 
quantities so that they could be sold at a low price. 

Edward Bausch was bom September 26, 1864, the 
oldest son of John Jacob Bausch, manufacturer of spec¬ 
tacle lenses and hard rubber frames. Edward buUt his 
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fitat mieroBcope while he was Btill in school. Before he 
oompleted his college coureo at Cornell University he was 
called home by his father to take over some of the re¬ 
sponsibilities of the optical business. 

The Bausch and Lomb Optical Oompany started manu¬ 
facturing microscopes soon after Edward Bausch joined 
the company in 1874. Their microscopes won prizes at 
the Oentennial Exposition in 1876 and were soon being 
produced in quantities for use in science courses in 
schools, and the laboratories of hospitals and research 
institutions. They added microscopic accessories and 
developed other scientific optical instruments until now 


they make thousands of different optical devices for use 
in science, Industry, education and medicine. 

Edward Bausch has been, a loader in the invention of 
optical equipment and the development of mechanical 
means for producing it at a reasonable cost. He was 
born only a stone ^s throw from the Genesee River and 
has spent his long life building the enormous Bausch and 
Iiomb Optical Company plant upon its banks. While 
his neighbors honor him for what he has done in the 
community as a man, the nation remembers him for bis 
scientific achievements during this seventy-ninth year of 
a long and useful life. 


SCIENTIFIC NOTES AND NEWS 


The British Royal Astronomical Society has 
awarded its gold medal for 1933 to Dr. V. M. Slipher, 
director of the Lowell Observatory, Flagstaff, Arizona, 
for his spectroscopic researches on planets, stars and 
nebulae. Dr. Slipher has been invited to deliver the 
George Darwin Lecture this year. 

The University of Wales has conferred the degree 
of D.Sc. on Dr. Francis E. Lloyd, professor of botany 
in McGill University, and on Professor Robert Robin¬ 
son, Waynflete professor of organic chemistry in the 
University of Oxford. 

Dr. C. Judson Herrick, professor of neurology at 
the University of Chicago, was recently tendered a 
dinner given by a group of his colleagues in celebra¬ 
tion of the twenty-fifth anniversary of his professor¬ 
ship. 

Dr. Chevalier Jackson, professor of bronchoscopy 
and esophagoscopy at Temple University, has been 
awarded the medal of honor of the Italian Government 
by the King of Italy. 

According to NaUire the Government of Ecuador 
has awarded the decoration of Al Merito, in the degree 
of Gran Ofleial, to Dr. George Sheppard, state geolo¬ 
gist to the Republic of Ecuador. 

Professor Wilhelm Sohuffner, director of the 
institute for Tropical Diseases, Amsterdam, has been 
awarded the Hans Aronson Foundation Prize. 

The Buchan Prize o£ the Royal Meteorological So¬ 
ciety for 1933 has been awarded to David Brunt, for 
papers contributed to the Quarterly Journal and 
Memoirs of the society during the years 1927-31. 

The Bavarian Academy of Sciences has awarded 
the gold Bene merenti medal to Dr. Herman Strobel, 
in appreciation of the gift of his observatory at Am- 
mersee to the State Observatory. 

Db. William H. Park, director of laboratories for 
the New York City Department of Health, has been 
appointed to the Hermann M. Biggs professorship of 
preventive medicine at the New York University and 


Bellevue Hospital Medical College. The Biggs pro¬ 
fessorship was made possible by a memorial fund es¬ 
tablished shortly after hi a death in 1923 and recently 
increased to a total amount of $200,000 by a bequest 
of Mrs. Hermann M. Biggs and gifts from William 
R. Biggs and Mrs. Katlierine Biggs McKinney, son 
and daughter of Dr. Biggs, and the Mil bank Me¬ 
morial Fund. 

Dr. a. B. Luckhardt, chairman of the department 
of physiology of the University of Chicago, has been 
elected honorary president of the In+ernational Anes¬ 
thesia Research Society. 

Howard Coonlet, president of the Walworth 
Company, New York, has been elected to the presi¬ 
dency of the American Standards Association for the 
year 1933. F. E. Moskovios, chairman of the board 
of directors of the Marmon-Horrington Company, 
Indianapolis, has been elected vice-president. 

Dr. Charles H. Mayo, of the Mayo Foundation, 
Rochester, Minnesota, has been elected president of 
the Minnesota Public Health Association. 

Dr, Ralph S. Lillie, of the Univei’sity of Chicago, 
was recently appointed an advisory trustee of the 
International Cancer Research Foundation. 

L. V. Coleman, director of the American Assooia- 
tion of Museums, has become a member of the Amer¬ 
ican National Committee on International Intellectual 
Cooperation of the League of Nations. 

Mr. H. T. Timrd, rector of the Imperial College of 
Science and Technology, London, has been appointed 
chairman of the Aeronautical Research Committee in 
succession to Sir Richard Glazebrook. 

Mb. C. F. a. Pantin, of Trinity College, Cam¬ 
bridge, has been nominated to use the university’s 
table at the Zoological Station at Naples. 

Db. Gregory Shwabtzman has received a grant 
from the Committee on Soientiflo Research of the 
American Medical Association for work on the *^Rous 
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Agent’’ to be done in the Mount Sinai Hospital lab¬ 
oratories. 

De. Edwin O. Joedan, cbaimian of the department 
of hygiene and bacteriology of the University of Chi¬ 
cago, is spending the winter quarter in Jamaica, 
where he is conducting a special investigation under 
the auspices of the International Health Board of the 
Rockefeller Foundation. 

Professor Robert Redfield, of the department of 
anthropology of the University of Chicago, in order 
to continue his field researches in Maya ethnology, is 
spending six months in southern Mexico. 

Earl Hanson, of the department of terrestrial 
magnetism of the Carnegie Institution of Washington, 
has returned to the United States after spending 
eighteen months in the noithem part of South 
America making surveys of terrestrial magnetism. 

Ab3£ Georges Lemaitre, professor of mathematics 
and of the history of the physical and mathematical 
sciences at the University of Louvain, has left Pasa¬ 
dena, where he has been conferring with Dr. B. A. 
Millikan, Dr. Albert Einstein and others, to return to 
Louvain. He will visit Washington and England on 
the way. 

Dr. F. Bernstein, director of the institute of 
mathematical statistics of the University of Gottingen, 
is visiting the United States, more especially to study 
the work of Dr. William II. Park and Dr. Keresturi 
at the Willard Park Hospital on the B. C. G. method 
of combatting tuberculosis and of Miss Maude Slye, 
at the Sprague Memorial Institute of the University 
of Chicago, on the inheritance of cancer in mice. 

Llewellyn N. Edwards, senior highway bridge 
engineer on the U. S. Bureau of Public Roads, sailed 
on January 20 for England where he plans to spend 
three months on research work. On February 15 he 
will read a paper on “The Evolution of American 
Bridges” before the Newcomen Society in London. 

Dr. L. B. Tuckeeman, retiring president of the 
Philosophical Society of Washington, on January 14 
delivered an address before the society entitled “From 
Material to Structure.” 

Professor Walter S. Rodman, of the department 
of engineering of the University of Virginia, spoke on 
January 12 on “Thomas Jefferson as a Scientist” be.- 
fore a combined meeting of the Virginia chapters of 
Sigma Xi and Phi Beta Kappa. 

Dean Frank C. Whitmore, of the School of 
Chemistry and Physics of the Pennsylvania State 
College, spoke before the Maryland Section of the 
American Chemical Society in Baltimore on January 
20 on “Recent Work on Molecular Rearrangements.” 


Dr. Eugene C. Bingham, professor of chemistry 
at Lafayette College, will address the sections of the 
American Chemical Society in the Middle West on 
“Recent Progress in Rheology” at Indianapolis, In¬ 
diana, on February 1; at Dayton, Ohio, on February 
2, and at Columbus, Ohio, on February 3. 

M. W. Stirling, chief of the Bureau of American 
Ethnology, gave a lecture on January 4 at Cornell 
University entitled “By Airplane to Pigmy Land.” 

Dk. Harrison S. Makti..and, chief medical exam¬ 
iner for Essex County, New Jersey, will deliver the 
ninth Ludvig Hektoen Lecture of the Frank Billings 
Foundation on February 24. His subject will be “Re¬ 
cent Progress m the Medicolegal Field in the United 
States.” 

Dr. Marius Barbeau, ethnologist at the National 
Museum of Canada, delivered an address illustrated 
with motion pictures and lantern slides on “French 
Canada: Its Survival” before the Washington Acad¬ 
emy of Sciences on January 12. 

Sir T. Crisp English will give the Hunterian Ora¬ 
tion of the Hunterian Society, London, on February 
27. 

Friends of Sir James G. Frazer have founded a 
lectureship in the University of Glasgow, a condition 
of the foundation being that Sir James Frazer, dur¬ 
ing his lifetime, should deliver in Glasgow one lecture 
each year. It has been arranged that Sir James 
Frazer will deliver his first lecture on March 3, 1933. 

The Royal Society Mond Laboratory at Cambridge 
will be opened by the chancellor of the university, the 
Right Honorable Stanley Baldwin, on February 3. 

Western Reserve University has received a gift 
of three hundred thousand dollars to found the Oliver 
H. Payne chair of surgery in the School of Medicine. 
Dr. Carl H. Lenhart has been appointed the first 
incumbent. 

The late Dr. William Sydney Thayer, of the Johns 
Hopkins University, left his collection of medical 
books to the Welch Library of the university and 
valuable prints to Harvard University. 

By the will of the late William J. Holland his col¬ 
lection of insects is loft to the Carnegie Museum, on 
condition that a fund of $10,000 for making additions 
to it is set up. Should the Carnegie Museum not 
accept the bequest the collection goes to the U. S. Na¬ 
tional Museum. 

Dr. James Alexander Ure, who died on November 
20, bequeathed his estate to the University of Glasgow. 
The bequest, of the approximate value of £13,000, is 
to be used for scholarships and prizes in medicine, 
and especially for research on cancer and tuberooloeis. 
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Wx ]eam from the London Times that the Britieh 
Association held on January 6 at Birkbeck College the 
usual meetings of organizing sectional committees to 
lay down the lines of the program of the Leicester 
meeting next September. As under a now statute the 
annual office of president of the association corre¬ 
sponds with the calendar year^ occasion was taken to 
welcome Sir Frederick Gowland Hopkins, president 
of the Eoyal Society, to the chair. Sir Alfred Ewing, 
the retiring president, in introducing Sir Frederick 
Hopkins, said that there was no need for him to say 
how fortunate the association was in securing Sir 
Frederick Hopkins os president, a man already so 
preeminent as to be pr iident of the Eoyal Society. 
Last year it had been, so to speak, the turn of that 
part of science which dealt with the constitution of 
non-living matter and with purely mechanical proc¬ 
esses, which could certainly kill, but could not make 
alive. Now they turned, perhaps with relief and 
greater hope, to the still more difficult science of life, 
of whose fascinating problems no one could speak 
with more authority and clearer discernment than Sir 
Frederick Hopkins. One felt certain that in his hands 
the association would lose nothing of the public atten¬ 
tion and interest its great annual conference continued 
to command. More than ever, he believed, the public 
wished to know about the advances of science, partly 
because these were now confessedly tentative and in¬ 
complete and partly because they might provide some 
guidance in the urgent perplexities of social affairs. 
Science had brought new powers and with them new 
dangers, grave dangers of which the community were 
scarcely yet aware. It was clearly the duty of science 
to point these out. After his installation Sir Fred¬ 
erick Hopkins said it was indeed no light task to con¬ 
tinue the high tradition attaching to the presidency 
of the association and he would be well content if he 
could even approach the standard which Sir Alfred 
Ewing had so fully maintained. 

At a recent meeting of the directors of the Amer- 
ioani Chemical Society, the secretary was requested to 
express the very sincere appreciation of the society 
to the chemical industry for the aid it has given to 
Chemical Ahstraeta, and to send those whose agree¬ 
ments expire in 1932 the society's very sincere thanks. 
The secretary was further instructed to explain to the 
industry that while there is no hope of Chemical Ab~ 
stracts being continued for any length of time ^th 
real efficiency without the continued help of the in¬ 
dustry, the society feels that it must draw on its own 
reserves in 1933 rather than call for further help 
from the industry under present conditions. The 
proposal of the editor of Industrial and Engineering 
Chemistry to issue the “Analytical Edition" six times 
a year instead of four times, as at present, was ap¬ 


proved by the directors. His proposal to issue the 
“News Edition" once a month, on the fifteenth, in¬ 
stead of twice a month, as at present, was not ap¬ 
proved, and an additional amount was added to the 
budget to continue the “News Edition" as at present. 
It was also voted to defer the issuance of a new di¬ 
rectory of the society. 

Plans for an arboretum comparable with the best 
in the United States are described in the report of 
the Arthur H. Scott Horticultural Foundation, pre¬ 
pared by John C. Wister, director, and issued as a 
supplement to the annual report of Swarthmore Col¬ 
lege. The purpose of the foundation is expressed as 
a desire “to help horticulture by visual demonstration 
which can be best realized by the planting in a public 
place of such trees, shrubs and flowers as can be used 
by people of average means living in the Philadelphia 
district.” On the campus of Swarthmore the empha¬ 
sis is placed on showy flowers that are suitable for 
planting in small gardens. There are at present 
about fifty kinds of lilacs, nearly fifty kinds of rho¬ 
dodendrons, fifty kinds of azaleas, over thirty kinds of 
cherries, about thirty kinds of apples, and over 100 
kinds each of iris, peonies, daffodils and chrysanthe¬ 
mums—in all about 1,200 different plants. The 
largest project to be undertaken is the formation of 
the Scott Arboretum in the Crum Creek Valley, some 
one hundred and seventy-five acres of virgin timber 
and uncultivated river silt, which will be divided into 
four sections. One will contain only those plants, 
shrubs and trees native to Delaware County; a sec¬ 
ond area will have trees native to Pennsylvania but 
not native to Delaware County; a third will have 
plants and trees native to the North American Con¬ 
tinent, and the final group trees which grow in this 
climate in other parts of the world. 

The next annual congress of the Royal Institute of 
Public Health will be held at Eastbourne from May 
30 to June 4, under the presidency of Viscount Lever- 
bulme. The scientific work of the congress will be 
conducted in the following sections: (I) State medi¬ 
cine and industrial hygiene; (2) women and children 
and the public health; (3) tuberculosis; (4) pathol- 
ogry> bacteriology, biochemistry and veterinary medi¬ 
cine; (5) climatolpgy and hydrology. Delegates are 
being invited from the governments, the municipali¬ 
ties, the universities and other public bodies of Great 
Britain and Ireland and the British Dominions, as 
well as from Continental and foreign countries. Ar¬ 
rangements have been made with the railway com¬ 
panies for a reduction in the fares. The headquartera 
of the institute are now at 23, Queen Square, W.C.l. 

Nature reports that the preparatory work of the 
organizing committee at Stockholm of the next World 



114 


SCIENCE 


77, NO. 1987 


Power Conference^ which will take place in 1933 in 
Scandinavia, is proceeding steadily. The first plenary 
World Power Conference was held in London in 1924, 
the next in Berlin in 1930. There have also been 
sectional meetings with special programs, for example, 
at Basel in 1926 and London in 1928. The Scandi¬ 
navian Conference will be such a special meeting, deal¬ 
ing with the energy problems of large industry and 
transport. Participation and collaboration of fifteen 
countries outside Scandinavia is assured and more 
than one hundred and seventy reports are announced. 
Some forty reports to be published at the meeting deal 
with problems of energy supply in large-scale in¬ 


dustry, such as combined power and heat supply, the 
r6]e of large^ale industry in national power schemes, 
etc. Many of the technical papers deal with the 
problems of long distance gas transmission, while 
other papers are devoted to more special power prob¬ 
lems concerning the iron and steel industry, pulp and 
paper, and cement, sugar, textile and other steam heat 
consuming industries. Energy questions of transport 
provide the subjects for sixty-two reports; railway 
and marine transport, the peculiarities of city and 
suburban traffic are to be discussed with due emphasis 
on the new aspects which have been introduced by 
electric traction and Diesel engines. 


DISCUSSION 


ETHER STRUCTURE 

In Science for February 21, 1930, I proposed an 
explanation of the action of electric force and induc¬ 
tion across a vacuum, that is, across the ether. The 
suggestion was to extend to the ether the conception 
used by Debye, that the dielectric properties of gases 
and electrolytes depend upon polarized ions or 
'^dipoles” of the medium. The ether is thus to be 
conceived as having a structure, that is, with “ether 
dipoW’ or polarized cells. From this we get directly 
the idea that an electric field produces linear arrange¬ 
ments of the ether dipoles, and this may have an 
effect on polarized light similar to crystal action. I 
have made an experiment to detect such possible effect. 
The electric field was between two aluminum strips 60 
centimeters long and 1 centimeter wide and 0.5 cen¬ 
timeter apart. This condenser was in a high vacuum. 
The vacuum was so high that no discharge took place 
when the condenser plates were charged by a Holtz 
machine to approximately 30,000 volts. The electric 
field was horizontal. A beam of polarized light, with 
polarization plane at 45"" to the horizontal was passed 
across the electric field. Not the slightest effect on the 
light could be detected when the field was put on and 
off. The analyzer was of the strained glass bar type 
(“Rayleigh Compensator”) used by the late Lord 
Rayleigh in his experiment to detect a possible double 
refraction due to ether drift.^ The sensitiveness was 
at least six seconds of rotation per centimeter beam 
length in the field. The field was about 60,000 volts 
per centimeter. Thus this experiment to detect an 
ether structure, like experiments for ether drift, gave a 
negative result On a corpuscular light theory, the 
above experiment con also be interpreted as showing 
no electric moment of the light corpuscle or photon 
in the above conditions. 

AIiBEBT P. Caeman 

UtnvxasiTT or Illinois 

1 PhiZ. Mag,, p. 680, 1902. 


ENERGY OF UREA SYNTHESIS 

In the study of the energy change in the synthesis 
of urea from ammonia and carbon dioxide by liver 
slices wo have found that synthesis of urea is ac¬ 
companied by a definite and measurable increase in 
oxygen consumption. Our present facilities do not 
permit of precise measurements, but the results so 
far obtained suggest that one additional molecule of 
oxygen is used for every molecule of urea synthesized. 
Similar values were obtained with both glucose and 
d-1 lactate as fuel, and with and without ornithine. 
Comparison of the rates of synthesis of urea suggest 
that the fuel in this reaction is lactate or some prod¬ 
uct derived from it. It seems unlikely that more 
than a fraction of the specific dynamic action of 
protein can be accounted for by the superfluous 
energy released in the synthesis of urea from 
ammonia. Further experiments are in progress. 

H. Borsook 
O. Keighley 

W. G. KEEOKHorr Laboratories or the 
Biolooical Sciences, 

CALiroRNiA Institute of Technology 

HETEROSIS: SPECIFIC NOT GENERAL 
IN NATURE 

In studies of hybrid vigor or heterosis in Fj oat 
plants, variable results were obtained from different 
crosses. In the F^ of some crosses nearly all the 
measurable parts are greater in the F^ hybrid than in 
the larger parent. In other crosses possibly only one 
or two characters are noticeably increased. The dif¬ 
ficulty of obtaining oat crosses in large numbers is 
a serious obstacle to studies of heterosis in oats, but 
it is believed that an increase of 10 per cent, over the 
larger parent may safely bo considered a signifleant in¬ 
crease where small numbers are involved. Examples 
of these results are found in the cross Richland x 
Fulghum and Richland x Markton. In the first eross 
the plants averaged 13.2 per taller, bore 
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17.5 per cent, more culms per plant, weighed 48.5 
per cent more, and yielded 35.2 per cent, more grain 
and 51.3 per cent, more straw on the average than 
the larger parent. In all other characters the hybrids 
were intermediate between the parents. In the second 
cross the plants yielded 18.9 per cent, more grain, 
and the grain-straw ratio was increased 33.8 per cent, 
over that of the larger parent. In all other charac¬ 
ters the Fj plants of this cross were intermediate in 
size between the parents. In other crosses other 
characters manifested the influence of heterosis. 

Heterosis is commonly accepted as having a genetic 
basis and as such this increase in plant size is satis¬ 
factorily explained as being due to the bringing to¬ 
gether in the Fj of the growth factors present in both 
parents. The impression seems quite generally held 
that when heterosis occurs in an F^ hybrid individual 
the increased size is of a more or less general nature, 
extending to all or most all the measurable parts of 
the hybrid organism. In the light of available knowl¬ 
edge it appears that this widely held conception may 
need some revision. Barring actual linkage, heterosis 
is a condition which more often has a rather high 
d^ee of speoiflcity. In some crosses a number of 
the parts of the F^ hybrid plant may show influence 
of heterosis, yet it does not necessarily follow that 
the parts are closely linked genetically. The fact that 
in some Fj crosses only a single plant part shows 
the influence of heterosis, while in others there may 
be several showing increased size, deflnitely indicates 
lack of genetic linkage. 

F. A. Coffman 

Bueeau of Plant Industet 
TJ. 8, Depaetment of Agricultube 

THE PRODUCTION OF NUTRITIONAL 
ANEMIA IN WHITE RATS 

I HAVE read with interest the artitcle entitled, 
Reliable Method for the Production of Nutritional 
Anemia in White Rats,” by Robert S. Han|B, which 
appears in Sotenoe for November 25. We have been 
feeding Bilim to produce anemia in this laboratory 
for some time. At first' we reconstituted it by adding 
water, but for nearly two years now we have been 
feeding the dry powder, and have suggested it to a 
number of other laboratories, 

Klim, being dried by a spray process, has less 
opportunity for metallic contamination than drum 
process milk powders. By purchasing in quantities 
of 500 poimds or more we have been able to stand¬ 
ardize on the product of one plant, which runs quite 
uniform at 3 to 5 parts per million of iron and,l to 2 
ports per million of copper. This amount of copper 

1 Levine, Remington and Culp, Jour, of Nutrition, 4: 
460, 1931. 


corresponds very closely with that shown to be present 
in uncontaminated whole milk from different areas by 
Elvehjem and Steenbock and Hart.^ 

That Harris is able to produce a more pronounced 
anemia in a shorter time than wo have reported’ is 
probably due to a difference in method of handling 
prior to placing on the Ellim diet. Elvehjem and 
Kemmerer* have shown that if young rats from the 
twelfth day, when their eyes open, do not have access 
to any supplemental food other than cow’s milk, 
anemia develops very rapidly, whereas if allowed to 
partake of the usual solid breeding diet between the 
12th and 21st (or 28th) day of age, development of 
anemia on a subsequent milk diet is much slower. 

Harris’ observation that there is an inverse relation¬ 
ship between rate of growth and hemoglobin is in 
agreement with the findings of other laboratories. 

Roe E. Remington 

Medioal College of the 
State of South Caeolina 

MOSQUITOES KILL LIVE STOCK 

Reports of the death of live stock and even of man 
as a result of mosquito attack are current, but appar¬ 
ently few of these have been verified. It seems desir¬ 
able, therefore, to record a recent outbreak of Psor- 
ophora columbiae Dyar and Knab, in Florida, which 
resulted in the death of at Icsast 173 head of live stock 
and poultry. 

This outbreak came suddenly and with great fury 
on the night of September 5 and continued for several 
days. The losses were most severe the first night, 
many animals being found dead or nearly so the fol¬ 
lowing morning. Mr. T. E. McNeel, of the Bureau of 
Entomology, who investigated the outbreak several 
days after it occurred, made a careful check on re¬ 
ported losses in the vicinity of Miami and verified 
reports of the death loss of 80 cattle, 67 hogs, 3 
horses, 1 mule, 20 chickens and 2 dogs. Reports of 
losses at other points in the vicinity of the Everglades 
have been recorded, but have not been checked. Mr. 
C, D. Mathews, chief of the Bureau of Dairy Inspec¬ 
tion of Miami, stated that the milk supply from the 
Hialeah district was reduced by about 1,000 gallons 
a day from September 6 to 10 and had not returned 
to normal on September 20. 

The death of the animals was attributed by many 
to blood loss. The manager of the Miami Soap Com¬ 
pany, who received most of the dead stock, stated to 
Mr. MoNeel that when the heads of the animals were 
cut off there was no flow of blood as normally occuib. 

* J. Biol. Chem., 83: 27, 1920. 

s Levine, Culp and AndorBon, Jour, of Nutrition, 5: 
205, 1032: and Coulson, Levine and Remington, Amor. 
Jour. Public Health, 22: 1141, 1032. 

*Jour. BioU Chem., 03: 189, 1031. 
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Dr. H. E. Miller performed post-mortem examinations 
on a number of the animals and stated that no mos¬ 
quitoes were found in the air passages. While blood 
loss was no doubt an important factor, it is the writ¬ 
er’s opinion that the death of the stock may have 
been due to the injection of a toxin by the mosquitoes 
as well as to the loss of blood. 

In the case of the larger herds the cattle apparently 
protected themselves to some extent by bunching 
closely together, and those which had access to the 
canal stayed in the water up to their heads, and very 
little loss occurred in these herds. Smudges and 
applications of grease and oil were extensively used, 
and no doubt prevented greater death losses. 


P^ofophora columh%a$ is one of the smaller speeieB 
of the genus. The eggs are laid on the soil and hatch 
quickly when submerged. Thus, great swarms of 
adults emerge almost simultaneously when egg-bearing 
areas are flooded. The species is usually of little 
importance as a pest of man. In this outbreak, how¬ 
ever, it is reported that men who were making smudges 
and otherwise looking after stock had to wear heavy 
coats and blankets to protect themselves, and some of 
them stated that they were sick for several days from 
the bites of the mosquitoes, 

F. C. Bishopp 

Bureau or Bntomoloot 
U. 8. Department or Aoriculturb 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


AN ILLUMINATOR TO FACILITATE THE 
TRACING OF X-RAYS 

In studying x-rays of the organs of speech it is 
frequently necessary to make tracings of the films. 
Manufactured illuminators, intended for viewing 
films, are inadequate for tracing. They provide no 
surrounding board to which materials may be fast¬ 
ened; they are not convenient to work on; they heat 
up rapidly; and they are expensive. 

The illuminator shown in the figure can be made 
cheaply and has none of these disadvantages. It con¬ 




sists primarily of an ordinary drawing board which 
can be tilted to any convenient angle by shifting the 
support (B). The strip (A) prevents objects from 
sliding off. A removable glass (D) of the appropri¬ 
ate size is set in the center of the board. Clear or 
opalescent glass may be substituted at will, (C) is 
a piece of clear glass between the bulb and the sur¬ 
face glass to deflect and absorb the heat. It, also, is 
removable to permit easy changing of the lamp. The 
tin reflector spreads at the sides to allow free ventila¬ 
tion. This illuminator has been used for several 
hours at a time without gettting hot. 

Masks of black paper, to cover all but the parts 
being traced, are provided and may be pinned to the 
board. By their use lines in the x-ray which seem to 
have been obliterated by overexposure can frequently 
be found and traced. 

C. A. Bbvanb 

Phonetics Laboeatory 
The University or Chicago 

A LARGE RESPIROMETERi 

In making some studies of the catalase, nitrogen 
and carbohydrate changes in asparagus roots after 
various treatments to break dormancy it was thought 
desirable to have some information on the respiration 
while these changes are going on. 

Many difficulties were experienced in finding a 
respirometer which could be satisfactory. NoiEing 
found in the literature described containers large 
enough to hold the plant roots which were being 
studied. The usual NaOH containers were too small 
to hold the amount of carbon dioxide given off in a 
4S hour period, and more frequent weighing and mea- 
Buring was not thought worth while. 

After many different set-ups were made and several 

1 Contribution No. IIS, Department of Hortieiiltiizii^ 
Kansas Agricultural Experiment fitarion. 
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different arrangements were tried, one which is here¬ 
with described (Fig. 1) was found satisfactory in 


amount of carbon dioxide given off by plants in the 


dark. 


Walter B. Balch 


I2t5PlBOMETtB 
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every respect, including low cost for material and 
equipment. 

The principal divergence from the customary 
respirometer is the subject container. This was made 
of galvanized iron. The air which has had the carbon 
dioxide removed in the pair of NaOH bottles (A) is 
drawn in at the top of the respiration chamber and 
carried to the bottom of the container in the metal 
tube (D). The air with the carbon dioxide of the 
asparagus respiration is then carried out of the con¬ 
tainer from the top through the opening (G). In 
this way there is a continuous change of the air in 
the container. 

In using this container the greatest diflftoulty was 
experienced in making an air-tight seal which could 
be broken easily and frequently for examination of 
the asparagus root. Sealing wax, paraffin, grafting 
wax and similar materials had many objections. In 
no case could a tight seal be held for more than 12 
hours, because the waxes withdrew from the galvanized 
iron container and the base, whether the base was 
metal or glass. To avoid this difficulty a base was 
made for the container, and in this base is a double- 
walled collar. The asparagus roots were set in this 
base. The side of the galvanized iron subject con¬ 
tainer fitted in between the walls. The double wall 
was then filled with water. No further trouble was 
experienced with air leaking through the container, 
and the respirometer has been in continuous operation 
for as long as 48 hours and no leaking has been 
detected. 

An easy check for leaks is made by setting the 
respirometer up without putting a plant in the con¬ 
tainer. By introducing carbon-dioxide free air into 
container and then passing the air through the en¬ 
tire apparatus the operator is able to take some carbon 
dioxide out at the aspirator, if there is any leaking 
in the system. None has been found after two inter¬ 
rupted 24-bour tests and one continuous 48-hour test. 

This apparatus has the advantages of being easily 
and cheaply constructed, can be opened and dosed 
easily and seemingly is satisfaetory for measuring the 


NEW FIXING FLUIDS FOR GENERAL 
PURPOSES 

The number of fixing fluids recommended up to 
date is admittedly very great. The excuse for the 
new formulae given here lies in the fact that all other 
fluids with which I am familiar, either harden the 
tissues too much or interfere with subsequent stain¬ 
ing. Serial sectioning is often made very difficult, 
while macroscopic dissection becomes almost im¬ 
possible. In addition, many fluids require prolonged 
washing. The duration of fixation is also often very 
limited, resulting in great inconvenience when one 
attempts to use the fluids on scientific expeditions. 
The new fluids recommended here represent the re¬ 
sults of extensive experimentation extending over 
many years and are more or less free from the above- 
mentioned defects. Animals fixed in them remain soft 
and do not harden subsequently in 70 per cent, alcohol 
in which they may be left for many weeks. Washing 
is simple. All common stains may be used. Mallory’s 
triple stain gives brilliant differentiation, though the 
picture is somewhat different from that obtained after 
fixation in Zenker’s fluid. Complete perstration of all 
ingredients of the fluids is accomplished at the rate of 
one half millimeter per hour, but the nitric acid pene¬ 
trates twice as rapidly. This was determined by an 
rxamination of pieces of liver at intervals of one 
hour. The surface of a smooth out shows the fixed 
zone clearly. The penetration of paranitrophenol was 
determined by wetting the cut surface with ammonia 
and measuring the width of the zone in which the tis¬ 
sues turned yellow. Similarly, the penetration of 
cupric nitrate was determined with sodium sulfide. 

The change in volume due to fixation was de¬ 
termined by measuring the displacement of water be¬ 
fore fixation and after fixation. This was done by 
Dr. G. E. Pickford, who found an average swelling 
of about 10 per cent, in beef liver fixed for 24 hours 
in the phenol and the paranithrophenol mixtures, 
while in the case of the alpha dinitrophenol mixture 
the increase in volume was only about 5 per cent A 
paranitrophenol mixture made up with 70 per cent, 
instead of 60 per cent, alcohol caused a swelling of 
about 20 per cent. Eat testes showed a shrinkage of 
about 6 per cent, after 24 hours fixation in the phenol 
mixture, but no appreciable change of volume after 
fixation in the paranithrophenol mixture. When 
transferred to 70 per cent, alcohol for 9 days, both 
showed an inerease in volume; in the case of the 
testis fixed in the phenol mixture the increase 
amounted to about 13.5 per cent., in the case of that 
fixed in the paranitrophenol mixture to about 16 per 
cent. Transferred for 10 days into 80 per eent. 
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ftleohol the fiiBt testis sb^ed no further change in 
volume, 'while the see^d showed an increase to about 
20 per cent, of iU original size. 

Phenol givej a peculiar elastic texture to the tis¬ 
sues, unl'l^e anything produced by commonly used 
Opa^uids. Paranitrophenol comes nearest to phenol 
this respect and, being stable in the mixture, is 
preferable where stability is desired. I have used both 
mixtures for arachnids, insects, myriapods, leeches, 
earthworms, flatworms, roundworms, older amphibian 
larvae and mammalian embryos. Professor J. S. 
Nicholas, of our department, is using my paramtro- 
phenol mixture for rat embryos and fish in preference 
to sublimate or Bouin, while Professor W. R. Coc 
finds it very satisfactory for nemerteans. Macroscoi)ic 
dissection of invertebrates and mcunmalian embryos 
fixed in either of these fluids is greatly facilitated. 


No. 1. Cupnc-phenol fixing fiuid. 

Stock Solution A. 

Distilled water 100 cc 

Nitric acid, c.p., sp.gr. 1.41-1.42 12 ce 

Cupric nitrate, c.p., crystals Cu(NO|)a* 

8H,0 8 grams 

Stock Solution B. 

80 per cent, alcohol 100 cc 

Phenol, crystals, c.p. 4 grams 

Ether .... ... 6cc 


The stock solutions are perfectly stable and may be 
kept in glass-stoppered bottles. For use take: Solu¬ 


tion A—1 part, Solution B—3 porta. The mixture 
does not keep and must be used within a few hours. 
For the same reason the duration of fixation must 
not exceed 48 hours. 12 to 24 hours will suffice in 
most cases. Wash in several changes of 70 per cent, 
alcohol. 

The following fluids are perfectly stable and may 
be kept for months in glass-stoppered bottles: 

No. 2. Cuprio-paranitrophenol facing fiuid. 


60 per cent, alcohol ... 100 cc 

Nitric acid (as above) _ 3 cc 

Ether . 5 cc 

Cupric nitrate (as above) 2 grams 

Paranitrophenol, c.p., crystals .. . 5 grams 


Duration of fixation not limited by time, except as 
to the minimum time required for penetration at the 
rate of one half millimeter per hour. Wash in sev¬ 
eral changes of 70 per cent, alcohol. 

No. 3 to No. 6: These fixing fluids have the same 
composition as No. 2, except that in place of 5 grams 
of paranithrophenol they contain 0.5 gram of one of 
the following nitroderivatives of phenol: No. 3— 
orthonitrophenol, No. 4—alpha (2:4) dinitrophenol, 
No. 6—beta (2:6) dinitrophenol, No. 6—picric acid 
(2:4:6 trinitrophenol). Fixation and washing as in 
No. 2, but Nos. 5 and 6 require longer washing and 
leave the tissues yellow. 

Alexander Petrunkevitch 

Yale IJNivEEfiiTT 


SPECIAL ARTICLES 


VARIATIONS IN VISIBLE SOLAR LIGHT 
DURING SUBMARINE MEASUREMENTS 

While making measurements on the intensity of 
some of the components of visible solar light beneath 
the surface of ocean waters, variations in the intensity 
of the incident light were found to be of such magni¬ 
tude, on some days, that considerable uncertainties 
are introduced into the results if these variations are 
unaccounted for. These variations are not ones which 
depend upon zenith distance, but are occasioned by 
other circumstances. They are of particular impor¬ 
tance when the depth of water is such that very small 
currents result in the submerged photoelectric cell. 
These variations occur on days when the sky is cloud¬ 
less and the atmosphere very clear to the eye. 

The time required to make a series of measurements 
of illumination intensity beneath the sea with a photo- 
eleotric cell to a depth of 50 meters, say, is an hour or 
more if one-meter intervals ore chosen as unit layers 
of the absorbing medium. During this time the illu¬ 


mination intensity of the radiation incident upon the 
surface of the water changes slowly with the variation 
in the solar zenith distance. Also, the intensity of the 
visible light may vary within a few minutes by several 
per cent., even though there be a cloudless sky and a 
clear atmosphere. A study of these variations made 
during the summer of 1932 at the Friday Harbor 
(Washington) station of the Oceanographic Labora¬ 
tories also show that a record of the total radiation 
intensity on a horizontal surface is not indicative of 
all changes which may occur in the illumination in¬ 
tensity. 

Such variations are shown in Fig. 1. The total 
radiation was measured by means of an Eppley 
pyrheliometer connected to an Engelhard recorder. 
This instrument had recently been calibrated by Dr. 
Herbert H. Kimball in charge of solar radiation for 
the U. S. Department of Agriculture. The illuminar 
tion intensity was measured by means of a calibrated 
photodeotric cell. 

The curves in Fig. 1 are characteristic of the ohser- 
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Pio. 1. Showing the variations in solar illumination in¬ 
tensity and total radiation. 


vations. In making the observations the pyrheliometer 
and the cell were located near each other. Days were 
flelected when there was no evidence of clouds or haze. 
The air in the region of the laboratories was entirely 
free from smoke. The days on which observations 
were made con well be called clear and cloudless. 

Curves 1 and 2 were plotted from observations 
made on July 26, while curves 3 and 4 show the 
variations several days later. Curves 1 and 3 show 
the variations in the solar illumination intensity. 
Curves 2 and 4 show, respectively, the simnltaneous 
variations in the total radiation. These data were 
selected from a series of observations to exhibit the 
magnitude and rapidity of the changes in illumination. 

It is at once apparent from the illumination curves 
that on these days rather rapid changes are super¬ 
imposed upon the changes due to zenith distance. 
Also, changes in illumination are not indicated by 
changes in the total radiation, although in curve 2 of 
July 26 a rather small but sudden change occurs in 
the total radiation at 11 a. m., and another more 
marked change between 12:40 and 1 f. m. Curve 4 
shows only the gradual change in total energy, while 
simultaneous readings of illumination show a sudden 
change at about 10; 20 a. m. 

That a relation exists between radiation intensity 
and illumination has been shown by Kimball.^ This 
relation is that radiation in calories per minute per 
cm* on a horizontal surface multiplied by 6,700 will 
give the illumination in foot-candles on a horizontal 
surface within per cent., the variation being 

iH. H. Kimball, Mo. Weather Sev., 52: 473, 1924. 


characteristic of the position of the sun. This rela¬ 
tion agrees, in general, with the present results, but 
does not account for the rapid changes found. 

In a study of the penetration of light into water, 
Shelford and Gail* did not take into account any 
variations in the incident light, although they appar¬ 
ently suspected variations to exist. In a later study, 
Shelford* assumes that, under a cloudless sky and a 
very clear atmosphere, the intensity of the visible 
solar light incident on the surface of water is constant 
between the hours of 10 a, m. and 2: 30 ?. m. Varia¬ 
tions due to solar zenith distance and the smaller 
variations illustrated in curves 1 and 3 show that such 
constancy does not exist. 

Poole and Atkins,^ during a series of determinations 
of the penetration of the total visible light into the 
sea near Plymouth, found variations in the incident 
light with a bright sun, although they do not state 
that the sky was cloudless and the atmosphere clear. 

It is evident that in making measurements of the 
absorption of visible light by ocean waters a knowl¬ 
edge of the variations in the incident light is quite 
necessary. The results of a study of the penetration 
of some of the components of visible solar light into 
the waters of Puget Sound and of Southern Alaska 
will be published soon. 

C. L. Utterbaok 

OCEANOGEAFHIO LABOBATOEIXS 
Univxbsity OF Washington 

BORRELIOTOSES: FOWL-POX, MOLLUSCUM 
CONTAGIOSUM, VARIOLA-VACCINIA 

Thb judgment first expressed by Borrel,^ that the 
specific granules of fowl-pox may well be the actual 
virus of this disease, a view later held by Lipschutz 
and by Paschen with respect to the specific granules 
of molluscum contagiosum and vaccinia, has received 
from recent studies strong support. Evidence has 
likewise accumulated which effectively upholds the 
view that the specific cellular inclusions (Bollinger 
bodies, molluscum bodies, Guarnieri bodies) of these 
three infectionf'^,^ composed essentially of colonies 
of the respect'll viruses which appear to be micro¬ 
organisms and seem to require an intracellular en¬ 
vironment in their hosts for their reproduction.*- 

2 V. E, Shelford aiid F. W. Gail, Pub. Puget Sound 
Biol. Sta., 8: 141, 1922. 

s V. P}, Shelford, Pub. Puget Soimd Biol. Sta., 7: 151, 
1929. , 

^ H. Poole and W. B. G. Atkins, Jour. Marine Biol. 
Aaso6,, U; 170, 1926; ibid., 15: 455, 1928. 

* A. Borrel, * * Sur les inclusions de 1 ’epithelioma con- 
^gieux des oiseauz,” Compt. Bend. Soe. Biol. 57: 642, 
j;904. 

2 0. E. Woodruff and E. W. Goodpasture, * * The Infeo- 
tivity of Isolated Inclusion Bodies of Powl-Pox,” Amer. 
Jour. Path., 6: 1, 1929. 

®E. W. Goodpasture and C. E, Woodruff, ''A Com- 
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This evidence in substance may be siunmarized as 
follows: It has been demonstrated that the specific 
cellular inclusions of fowl-pox, mollueoum contagiosum 
and vaccinia, namely, the Bollinger bodies, molluscum 
bodies and the Guamieri bodies, are composed in large 
part of compact aggregations of enormous numbers of 
specific granules, respectively the Borrel, the Lip- 
schiitz and the Paschen corpuscles. There is good 
evidence that the great mass of these corpuscles if not 
all are regenerated within the infected cell. In the 
case of fowl-pox it has been proven that individual 
inclusions are totally and fractionally infective.® The 
corpuscles of fowl-pox, molluscum and vaccinia are 
demonstrably filterable. These granules, unlike the 
banal proteid granulations of cells, are not dissolved 
by dilute acids and they are resistant to tryptic diges¬ 
tion. They are likewise insoluble in lipoid solvents. 
In the case of the granules of fowl-pox and vaccinia 
there is agglutination in the presence of specific im¬ 
mune serum,^ and in suspensions of virus centrifuged 
at high speed there is a marked parallelism between 
the concentration of specific granules and the concen¬ 
tration of virus. The vaccinia corpuscles have been 
found to increase in tissue cultures containing the 
virus. There is morphologic evidence of division of 
the granules by tlssiou. Finally these granules react 
characteristically to certain staining methods, notably 
the silver method of Morosow, so that demonstration 
of them in preparations which contain them in oon- 
siderable amount is thoroughly reliable in the hands 
of competent observers.® They arc not readily or at 
all exhibited by the staining methods used to demon¬ 
strate bacteria. While the final demonstration of 
reproduction of these granules in the absence of tissue 
cells has not yet been attained, there is sufficient 
reason for judging that one is dealing here with a 
group of viruses which are micro-organisms and, in 
natural infections, obligatory cytotropes. 

In the entire field of cytotropic viruses these are 
the only ones which present conclusive evidence of an 


association of the active agent with minute oooooid 
granules which have a definite and uniform morpho¬ 
logic and physical structure, and stain characteristi- 
oally by Morosow's method. The diseases which those 
viruses cause are also in many respects analogous. 
In each case the virus attacks ectodermal epithelium, 
and induces an eruptive lesion which presents the 
specific cytologic feature of intracytoplasmic inclu¬ 
sions composed essentially of the uniform corpuscles. 

There has always been difficulty in unifying the 
virus group of diseases. The fact of fllterability, the 
concept of cytotropism and a better understanding of 
viral lesions are nevertheless helping to resolve some 
of the confusion. Owing to the fact that the virus 
class is so difficult of definition, it has seemed to me 
of primary importance to correlate any small group 
of virus diseases as specifically as possible whenever 
the facts warrant such an association. The group I 
have been discussing, which contains such notable ex¬ 
amples as variola-vaccinia, fowl-pox and molluscum 
contagiosum, is at the present time separable from the 
general class of virus diseases into a more homo¬ 
geneous one because of the presence of visible gran¬ 
ules which have definite and similar characteristics 
and constitute an essential part of their analogous 
specific lesions. I therefore think it justifiable at 
this time to designate this group by generic and 
specific names on the basis of their specific granules, 
and I would suggest that fowl-pox be taken as the 
generic type. It was Borrel who in 1904 first discov¬ 
ered the specific coocoid granules of this disease, and 
later investigators have shown that they constitute 
the essential component of the cellular inclusioxis, that 
they are fractionally infective^ and that the so-called 
Borrel bodies are filterable and specifically aggluti- 
nable by immune serum. It would therefore seem 
appropriate that Borrers name should be associated 
with this group. 

There is no adequate proof, however, that the gran¬ 
ules of these diseases are viable, nor for that matter, 
that any cytotropic virus is a living thing; eonse- 


parisou of the Inclusion Bodies oi Vv’^wl-Pox and Mol- 
luBCum contagiosum/’ Amer. Jour, 7: 1, 1931. 

* E. G. Nauck and E. Paschen, ' ‘ Dei^iiS^rpkologiBche 
Nacbweifi des Pockonerregers in der Qewebekultur, ” Zen- 
tralhl /. Boot., 124, (Orig); 91, 1932. 

®E. W, Goodpasture, A. M. Woodruff and J. Bud- 
dingb, "Vaccinal Infection of the Chorio-allantoic Mem¬ 
brane of the Chick Embryo,” Amer, Jour, rath,, 8; 


quently a name which would at present classify these 
corpuscles among the living agents of disease might 
be misleading. One should rather choose a speoifle 
name which is non-committal as to the biological 
status of the agent. 

I would therefore propose the name BorreUota as a 


271, 1932. j 

«C. E, Woodruff and E. W. Goodpasture, "TOe Eola¬ 
tion of the Virus of Fowl-Pox to the Specific C^ellttlor 
Inclusions of the Disease,” Amer, Jour, Path,, 4^ 718, 
1930. JL 

7 J. C. G. Ledingham, * * The Aetiological ImportaiKe 
of the Elementary Bodies in Vaccinia and Fowl-Pox^ 
Lancet, 525, Sept. 5, 1931. 

BM. A. Morosow, "Die F^rbung der Paschenschen 
Kdrperchcn durcb Versilberung, ” Centralbl, /. Bakt,, I. 
Orig., 100 : 885, 1926. 


generic title. The suffix iota, the Latinised name of 
the smallest Greek letter, has 1 am told by reliable 
authorities, an ancient and honorable usage signi^- 
ing smallest particle. Translated in this sense the 
title Borreliota would mean the small paitioles or cox- 
\ puscles of Borrel. The form Borreliota is either sin¬ 
ger or plural. 

l^The difficulty of applying spedfie tenubology to 
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«eetaiii membezB of thia group is apparent when one of the eavity. The reinforced frequency bands deter^ 


a^nsiders the fact that the virus of smallpox and 
^ that of eow-pox, while differing in certain important 
Ways, are in reality to be considered modifications of 
the same vims, because they cross-immunize against 
each other. In other words there is not a specific 
difference between them, and this probably applies to 
other modified strains such as those of horse-pox, 
swine-pox, goat- and sheep-pox. It would therefore 
seem advisable to use not only a specific, but a sub- 
specific or variety name for the corpuscles of such 
related strains. I would therefore propose the fol¬ 
lowing terminology: 

Borrelioia vetriolae hommis: apecific corpuscIcB of small¬ 
pox (Paschen bodies, elementary corpuscles). 
Borreliota variolae hovis: specific corpuscles of vaccinia 
(Pseehen bodies, elementary corpuscles). 

BorreUota variolae equi: specific corpuscles of horse-pox. 
Borreliota variolae porei : specific corpuscles of swine-pox. 
Borreliota variolae ovium : specific corpuscles of sheep and 
goat-pox. 

Borrelioia moUusoi: specific corpuscles of molluscum con- 
tagiosum (Ifipschilts corpuscles). 

Borreliota avium: specific corpuscles of fowl-pox (Borrel 
eorpuBclos). 

The acceptance of such a nomenclature based upon 
adequate experimental data would do much to attract 
attention to this related group as a whole, and would 
obviate the great confusion of terms now in use such 
as Borrel bodies, Lipsebutz granules, Pas(^en cor¬ 
puscle^ elementary bodies and so on. At the same 
time the probability that the specific granules in ques¬ 
tion represent micro-oiganismal etiological agents 
would be duly recognized. 

Ernest W. Goodpasture 

VAKDXBBii/r XjNtvEasiTr Medical School 

A CONTRIBUTION TO VOWEL THEORY^ 

Two main tiieories of vowel production have been 
advaneed, namely, the harmonic or steady state theory 
and the inharmonic or transient theory. The har- 
nuniio theory, advocated mainly by Wheatstone, Helm- 
hoJts and D. C. Miller, bolds that the vocal cords gen¬ 
erate a complex wave having a fundamental and a 
large number of harmonies. A wave at its source 
will contain all the frequencies that it will ever con- 
tahi* The so-called resonating cavities (pharynx, 
ntofalh, nasal cavities, paranasal sinuses) will act to 
nuignify those frequencies of the wave near the 
thsQtea^ing frequencies of the cavities, the amount of 
amyillfication depending upon the damping constant 

t !Ms paper reports a part of a larger research pro^ 
^ ^ *1'- Prentiss, hea^' 

of anatomy, Uidversity of Iowa. T' 
now beb^ kind% supported by Br. £. 

of me department of anatoi 


mine the vowel quality. 

The inharmonic or cavity tone theory, advocated 
mainly by Dodart, Willis and Scripture, holds that 
the wave or series of puffs from the vocal cords acts 
only as an agent for exciting the transient frequencies 
that are characteristic of the resonating cavities. Cer¬ 
tain frequencies in the wave need not be present in 
the source but may be added by the resonating cham¬ 
bers. According to this theory, the vocal cords emit 
puffs of air, each puff setting the air in the above cav¬ 
ities into vibration, resulting in the so-called “cavity 
tones.” The frequency of a cavity tone is determined 
by the natural frequency of the cavity, and is not de¬ 
pendent on any frequency aspect of the exciting or 
cord tone. This vibration of the cavity tone soon di¬ 
minishes until it is started anew by a second puff. 
Here, as with the harmonic theory, the vowel quality 
is dependent upon the natural frequencies and damp¬ 
ing constants of the vocal cavities.^ The findings re¬ 
ported in the present paper tend to add weight to the 
inharmonic or cavity tone theory. 

In order to delimit sharply the problem the heX^ 
and neck of a cadaver was used to furnish the so- 
called resonating cavities and a pure sine wave as the 
force to act on these cavities. Our specimens (two 
male) presented normally extensive sinuses and nor¬ 
mal nasal, oral and pharyngeal cavities (determined 
by^ sectioning the head after completion of the experi¬ 
ment). The soft palate was so fixed as to present an 
opening into both the nasal and the oral cavity which 
were patent. Both specimens had teeth. The source 
of the sine wave was a General Radio low frequency' 
oscillator Type 377-B, activating a high-grade head 
phone. The waves were conveyed to the larynx or di¬ 
rectly to the microphone from the head phono by a 
rubber tube 90 cm long and with a lumen 6 mm in 
diameter. For studying and recording the waves a 
Jenkins and Adair C6 condenser microphone with one 
additional stage of high quality amplification and a 
Westinghouse osciUograph were used. For all fre¬ 
quencies scouted " , 200, 300, 400, 500, fiOO, 700, 

800, 900, 10^ *100^, the waves were studied 

first by ho’ i of the tube carrying the sound 

directly i> ihe microphone. With the ex¬ 
ception c '' toy, 120 all frequencies pre¬ 
sented S' fondly, the waves were studied 

by pla ^nd mouth of the cadaver di¬ 
rectly ! microphone after the rubber 

tube through the trachea, into the 

v^ \ just above the level of the 

Was suspended from the oeil- 

of vowel theories see H. 
^ing,'’ 1929, Macmillan; and 
y* 1928, Ohio State Univer- 
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iog by small wires in order to avoid the possible 
reeonatin^ effects which might come from supporting 
it on a table or platform. 

For specimen No. 1 the sine waves of frequencies of 
200 and 300 and for specimen No. 2 the sine waves 
of frequencies 200, 500 and 900^^ were altered in 
their passage through the specimen. Fig. 1 shows the 



Fig. 1. Oscillogram of relatively pure sine waves 
(200 led Into the larynx of the cadaver. Fia. 2. 
Os^ogram of the waves emerging from the nose and 
mouth of the cadaver (specimen No. 2) when the waves 
depicted in Fig. 1 were being led into the cadaver ^s 
larynx. Fig. 3. Oscillogram of the waves emerging 
from the nose and mouth of the cadaver (specimen No. 
1) when relatively pure sine waves of 300 were being 
led into the cadaver's larynx. 


relatively pure sine waves of a frequency of 200 ^ as 
they were taken directly from the end of the rubber 
tube. Fig. 2 shows the change produced in this fre¬ 
quency when the tube was inserted into the larynx of 
specimen No. 2. Fig. 3 shows the change produced 
in the sine waves of a frequency of 300 /—- by speci¬ 
men No. 1. 

There was a possibility that these changes might be 
due to the additional column of jp'r imposed upon the 


vibrating diaphragm of the hea 
ties of the head and neck. Thid 
tuting a cardboard cylinder wy 
output hole for the specimen. | 
from this cylinder proved to 
put into it. The possibility tl' 
be reflected waves was ruled j 
fact that all relationships haUj 
were the same for the picking/ 
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are not a function of amplitude because the modified 
wave is smaller than the input wave. 

With a more complicated original wave form, one 
might expect to obtain more striking structural 
changes in the waves as they emerge from the mouth 
and nose. We chose purposely the simple sine wave 
as the one to be modified, reasoning that any change 
produced in its form would be conclusive in regard 
to the point in question. 

Because the recorded differences between the orig¬ 
inal waves and those emerging from the cadaver oc¬ 
cur between the end of the inserted tube in the larynx 
and the nasal and oral openings, our results tend to 
support the cavity tone theory of vowel production. 
The resultant wave, being no longer pendular, must 
contain fr(xiucncies not present in the source and 
hence necessarily introduced by the cavities. Certain 
frequencies were not changed, probably because they 
did not excite the transient frequencies which were 
characteristic of the cavities. A close examination of 
the modified waves shows that a given wave may not 
be a perfect duplicate of its predecessor; i.c., there is 
not absolute periodicity in the wave chain. This fits 
in well with Scripture's general conception of the in¬ 
harmonic theory that each succeeding puff of air from 
the vocal cords changes the cavities' contents so that 
the cavities need not be exactly the same from puff 
to puff. If our input sine waves contained concealed 
harmonics, then our results are not so conclusive in 
favor of the inharmonic theory. However, it is 
thought that the waves emanating from the cadaver 
contained frequencies which were not present in the 
source. 

It remains to attack the problem of vowel produc¬ 
tion with respect to both simple and more compli¬ 
cated input waves in relation to the condition, size 
and number of the so-called resonating chambers. 

Lejb Edwahd Travis 

Psychopathic Hospital 

Archibald R. Buchanak 

Drpabtment op Anatomy 
University op Iowa 
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OSNEBAL 

THE MEETING IN GENERAL 

Tb^ Atlantic City meeting, which opened on Tues¬ 
day fcVening, December 27, and closed on Saturday, 
December 31, was the ninety-first meeting of the 
American Association. Wliile not to be accounted 
among the largest meetings, this meeting was very 
successful in every way. Never before had the asso¬ 
ciation met in Atlantic City. 

Attendance was estimated as above 3,000. Since 
many of those who attend our meetings neglect to 
jpegiater, not having railway certificates for validation 
and not requiring either badge or General Program, 
it is increasingly difficult to secure anything approach¬ 
ing an actual count. Most of the societies that meet 
with {he association are unable to famish accurate 
infermadon eonoeming attendance at their meetings. 


b&obxtart 

The actual registration was 2,066. Of these, 565 came 
from New York State, 238 were from Pennsylvania, 
and New Jersey, Massachusetts, the District of Colum¬ 
bia and Maryland sent 178, 177, 172 and 126, respec¬ 
tively. Other states that sent more than 30 were 
Gonneotiout (87), Ohio (63), Illinois (44), Virginia 
(40) and Michigan ;(34). There were 20 registrants 
from California, 23 from Maine, 4 from Florida and 
2 from Washington. A peculiar aspect of this meet¬ 
ing is illustrated by the fact that only 8 persons 
registered as from Atlantic City. 

This meeting was unusual in the manner of its 
preparation, for there was no local committee. Local 
arrangements were made through Mr. A. H. Skean, 
director of the Atlantic City Convention and Pub¬ 
licity Bureau, for whose very efficient and friendly 
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help the assoeiation is deeply grateful. Many Atlan¬ 
tic City hotels furnished session rooms and other 
facilities, which proved highly satisfactory. The 
Haddon Hall Hotel was general headquarters, and 
it was unusually satisfactory. In the Municipal 
Auditorium unusually adequate space was provided 
for the science exhibition and the registration offices. 
Some of the general sessions were held there and also 
the sessions of several of the special scientific societies. 
The association is glad to express its appreciative 
thanks to Mr. Lincoln G. Dickey, director of the audi¬ 
torium. The sessions of each society were in most 
cases held in the hotel that was designated as head¬ 
quarters for that society, and many members were 
able to attend their society sessions without leaving 
the hotel in which they had lodgings. Meeting places 
were all situated on the Boardwalk and distances were 
not excessive; although ta^oab rates were regarded 
as outrageously high, the taxi service was excellent. 
Jitney busses gave convenient and rapid transporta¬ 
tion at a very reasonable rate. 

It is a great pleasure to acknowledge with grateful 
appreciation the valuable aid given by the Bausoh 
and Lomb Optical Company, the Spencer Lens Com¬ 
pany, E. Leitz, Inc., the Eastman Kodak Company 
and the International Projector Corporation, who 
placed at the disposal of the association, for use at 
the many sessions, projection apparatus and micro¬ 
scopes valued at over $10,000. 

This meeting encountered no cold weather, although 
there was considerable rain and mist or fog. Almost 
every one took exercise and found relaxation in walks 
along the Boardwalk, with the open sea on one hand 
and the hotels and shops on the other. It was indeed 
unusual to have all the meeting places almost within 
hearing of the perpetual roar and splash of the surf 
upon the beach. 

The General Program, a book of over 200 pages, 
provided with summary and author index, was edited 
by Sam Woodley. Copies may be had on request 
addressed to the Washington office of the association. 

Many of the lectures, addresses and scientific con¬ 
tributions given at this meeting, of which there were 
over 1,500, will appear in the pages of Scibnce. 
Most of the technical contributions and some of the 
more general papers will be published in the journals 
devoted to the special sciences. In a number of in¬ 
stances those journals have already published ab¬ 
stracts. The American Association does not attempt 
responsibility for these publications, and any one 
interested in papers mentioned in this report or listed 
in the General Program may well write directly to the 
respective authors, to learn when and where their 
papers are to be published. But the forthcoming 
volume reporting Section K’s symposium on '*The 


Stabilization of Employment,” which will be specially 
timely and authoritative, constitutes an exception to 
the general rule; it may be ordered from the Wash¬ 
ington office of the association. (See Section M, in 
this issue of Scienck.) 

Besides the American Association as a whole and 
its fifteen sections, about forty associated or invited 
organizations took part in the ninety-first meeting. 
These are named in the summarized reports farther on. 

Dr. John J. Abel, of the Johns Hopkins University, 
was president for this meeting. His research work in 
some of the most difficult fields of pharmacology is 
known throughout the world and very many eminent 
scientific workers were guided and inspired by him 
in their earlier years. Dr. Abel led a symposium on 
Wednesday afternoon, under the auspices of Section 
N (Medical Sciences), on “Present Knowledge of the 
H 3 q)ophy 8 i 8 Cerebri.” 

The retiring president for the Atlantic City meeting 
was Dr. Franz Boas, of Columbia University, who is 
called the dean of American anthropologists. His 
retiring presidential address was given at the opening 
session Tuesday evening, on “The Aims of Anthropo¬ 
logical Research.” The address was published in 
Science for December 30. 

The opening session of the meeting was held on 
Tuesday evening, at the Municipal Auditorium. Mr. 
A. H. Skean welcomed the assoeiation to Atlantic 
City, and Professor L. P. Eisenhart, of Princeton 
University, spoke some appropriate words of wel¬ 
come for the State of New Jersey, President John 
J. Abel replied on behalf of the American Association 
and then introduced the speaker, Retiring President 
Franz Boas. The general reception was held in the 
Vernon room of the Haddon Hall Hotel, following 
the opening session. 

Of less strenuous nature, but not less valuable than 
the scientific and business sessions, were the numerous 
dinners, luncheons, breakfasts and smokers, arranged 
by the various organizations, which were generally 
very well attended at Atlantic City. In addition to 
these, there were several field or inspection trips, 

BUSINESS PROCEEDINGS AT 
ATLANTIC CITY 

By unanimous vote at the general session held on 
Thursday evening, December 20, Article 4 of the con¬ 
stitution was amended to provide for council repre¬ 
sentatives from the divisions. The amended article 
reads as follows: “The Council shall consist of the 
president^ the vice-presidents, the permanent secie- 
tary, the general secretary, the secretaries of the sec¬ 
tions, and the treasurer, of one fellow elected by each 
division, affiliated state academy and affiliated society, 
and one additional fellow from each affiliated society 
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having more than 100 members who are fellows of 
the AsBOoiatioQ, and of eight fellows, two elected an- 
nnally by the Council for a term of four years.” 

The executive committee met od Monday evening 
and Tuesday morning, also following the council ses¬ 
sions on Wednesday, Thursday and Friday mornings. 
The council met on Tuesday afternoon and Wednes¬ 
day, Thursday and Friday mornings. Chairmen for 
these four sessions were, respectively: Dugald C. 
Jackson, Charles Zeleny, Burton E. Livingston and 
Dugald C. Jackson. Items of business were transacted 
as follows: 

1. The privileges of the Atlantic City meeting were 
cordially extended to Dr. W, F. Q. Swann, official rep¬ 
resentative of the British Association for the Advance¬ 
ment of Science. 

2. The audited financial reports of the treasurer and 
of the permanent secretary for 1931-82 were accepted, 
also the permanent secretary’s report on membership, as 
of September 30, 1932. (Some notes on these reports 
are presented in the next following section of this gen¬ 
eral report.) 

8. Balanced budgets for 1932-38, proposed by the 
treasurer and by the permanent secretary, were approved. 

i. The permanent secretary reported a bequest of $500 
from Miss Luella Agnes Owen, of St. Joseph, Missouri, 
who died on May 31, 1932, after many years of mem¬ 
bership in the association. The council expressed its 
great appreciation of this bequest and voted that it 
should be the nucleus of an endowment fund, the income 
from which is to be used for creating emeritus annual 
memberships in the association. 

5. The council voted that the fees of all deceased 
emeritus life members be transferred from the general 
fund of life-membership fees to the Jane M. Smith fund, 
and that, in future, this transfer is to be made as 
emeritus life members become deceased. (The Jane M. 
Smith fund is a bequest of $5,000, the income from 
which is used annually for the establishment of emeritus 
life memberships. The principal is now increased to 
$7,500.) 

6. William Matlack (M '78), WUliam FeUowes Mor¬ 
gan ( M'78, F '32) and Nathaniel Lord Britton (M '78, 
F '82) were elected to emeritus life membership. 

7. The sum of $300, of the treasurer's available funds 
(principally income from the Jane M. Smith fund for 
1981-32) was appropriated tor the three emeritus life 
memberships Just mentioned. 

8. The council appropriated research grants from 
treasury funds as follows: Henry B. Ward, a sum not 
to exceed $800; Charles F. Boos, $1,000; H. T. Stetson, 
$500) for allotment by the Committee on Grants, $700. 

9. An appropriation of $1,000 from treasury funds 
was made as an honorarium for the executive secretary 
of the Committee on Foreign Guests at the approaching 
Chicago meeting. 

10. An appropriation of $1,000 was made from the 
prlbe fund, for the AtlanUo City prise. 

11. For journal subscriptions of living life members 


for 1933, an appropriation of $1,539 was made from 
treasury funds, also an appropriation of $22 from treat* 
ury funds for rent and tax on the treasurer's safety- 
deposit box. 

12. The council voted that $2,000 of the permanent 
secretary's funds now in the treasury be appropriated 
for use by the permanent secretary's office if and as 
needed. 

13. Forty-nine fellows were elected by the council. 

14. On recommendation of the Secretaries’ Conference 
and of the executive committee, the council voted that 
members whose names appear in the fifth edition of 
' * American Men of Science,'' which is about to be pub¬ 
lished, shall be elected to fellowship, if not already fel¬ 
lows; provided that if objection be raised against any 
name it shall be referred to the proper section committee 
for recommendation to the executive committee. 

15. The council voted that non-members whose names 
occur in the fifth edition of ' ‘ American Men of Science ’' 
shall be invited to join the association with the expec¬ 
tation of being elected to fellowship. 

16. The council voted unanimously that, in view of 
information received from the American Medical Asso¬ 
ciation, the membership of John B. Brinkley is discon¬ 
tinued. 

17. The council voted that the Western Society of 
Engineers be invited to become officially associated with 
the American Association. 

18. The committee on grants for research was asked 
to present a full report on the results of its study of the 
general question, How may the American Association best 
employ the funds annually becoming available for ‘‘re- 
senreh" or “for the advancement of science," so as to 
accomplish the most goodf—It has been repeatedly sug¬ 
gested that those relatively small funds might perhaps 
better be employed in other ways than through indi¬ 
vidual grants in aid, and this entire question is open for 
discussion. It is desirable that thoughts and suggestions 
on this topic be sent to the permanent secretory for 
transmission to the committee on grants. 

19. The council voted that the committee on the place 
of science in education be reorganized, with the follow¬ 
ing membership: Otis W. Caldwell (chairman), Karl T. 
Compton, E. B. Hedrick, Jerome Isenberger, Burton £. 
Livingston, Morris Meister. 

20. The council voted with great regret to accept the 
resignation of Dr. Rodney H. True as secretary of the 
Committee of One Hundred on Scientific Research and 
expressed its keen appreciation of the valuable services 
rendered by Dr. True throughout his period as secretary 
of that committee. ^ 

21. The council accepted a report of the committee on 
source books In the history of science. 

22. A report was accepted from Dr. Herbert Osborn, 
representative of the American Association on the Board 
of Trustees of Biologioal AhHraoU, 

23. The council named Philip Fox and Henry B. Ward 
as additional members of the committee on foreign gaeeti 
for the Chicago meeting. 

24* Dr. Philip Fox was elected executive secretary of 
the committee just mentioned. 
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as. The council aoeopted 'with thanks an offer of the 
sum of $300 from Dr. Dnren J. H. Ward, of Denver, 
Colorado, for the purpose of organizing for the Chicago 
meeting a symposium on anthropological or sociological 
science as related to the advance of civilization. 

26. Dr. Waldo G. Leland was named as a committee 
to organize the symposium just mentioned. 

27. The council named Professor Boy E. Clausen (Uni¬ 
versity of California) as chairman of the local commit¬ 
tee on arrangements for the Berkeley meeting, to occur 
in the summer of 1934. 

28. It was voted that the winter meeting of 1935-36 
be at St. Louis, Missouri, provided satisfactory arrange¬ 
ments can be made. 

29. The council elected officers at its session Priday 
morning. These elections have been published in 
Science for January 6. 

SO. The executive committee elected J. McKeen Cattell 
to succeed himself as its chairman, for the term ending 
with 1986, 

31. The council accepted and adopted the following 
recommendation from the executive committee: In view 
of the approaching retirement of Dr. Henry B. Ward 
from the headship of the Department of Zoology of the 
University of HUnois, and in view of Dr. Ward^s dis¬ 
tinguished work for the advancement and organization 
of science, including his active participation in the work 
of the association and this executive committee, the com¬ 
mittee regards it as fortunate that it is able to recom¬ 
mend him for election to the permanent secretaryship. 
It is understood that a portion of his time may be 
reserved for his research work. 

32. In accordance with the recommendation just 
quoted, the council voted that the salary of the perma¬ 
nent secretary is to begin June 1, 1933. 

33. Burton E. Livingston was nominated to succeed 
himself as a member of the Board of Trustees of Science 
Service, for the term ending in April, 1936. 

34. Irving Pisher and W. P. Oghum were appointed 
as a special committee to encourage and arrange for meet¬ 
ings of societies devoted to the social sciences in con¬ 
nection with the approaching Chicago meeting of the 
American Association. 

36. The council adopted the following resolution of 
appreciation and thanks: At the close of the first Atlan¬ 
tic City meeting, which has brought together a large 
group of scientific workers and a wide variety of socie¬ 
ties, effectively carrying out an extended program of 
over 1,500 scientific papers and discussions, the Council 
of the American Association for the Advancement of 
Science wishes to record its appreciation of the many 
excellent and efficient provisions made for the success of 
this meeting by the Atlantic City Convention and Pub¬ 
licity Bureau, and of the personal interest shown in 
earing for every detail by the director of the bureau, 
Mr. A. H. Skean, who, in addition to the usual duties 
of his position, has discharged in a large measure the 
functiona of chairman of a local committee. Atlantic 
City contributed to the success of this meeting in many 
ways, especially through the unusually fine facilities of 
the magnificent Municipal Auditorium, made available 


through ite director, Mr. Lincoln G. Dickey. The cordial 
thanks of the American Association and the scientific 
societieB that met with it at Atlantic City are due to the 
several headquarters hotels, which provided so well for 
meeting places and society dinners. The Council further 
desires to acknowledge with hearty appreciation the 
services of the representatives of the press, who handled 
so effectively the large number of science news items that 
became available at the various Atlantic City sessions. 

GENERAL OFFICERS OF THE ASSOCIATION 

The names of officers elected at Atlantic City have 
been published in Science for January 6, 1933. The 
names of the general officers for the ensuing year 
are shown below, for convenience of reference. 

PreMdentf Henry Norris Russell, Princeton University. 

Setiriaig presidentf John J. Abel, Johns Hopkins Uni¬ 
versity. 

Permanent secretary, Henry B. Ward, University of 
Illinois. 

Oeneral secretary, Burton E. Livingston, Johns Hop¬ 
kins University. 

Treasurer, John L. Wirt, Carnegie Institution of 
Washington. 

SaMscutwe Committee: J. McEeen Cattell (Garrison-on- 
Hudson, N. Y.), Karl T. Compton (Massachusetts Insti¬ 
tute of Technology, Cambridge, Massachusetts), David 
R. Curtiss (Northwestern University, Evanston, Illinois), 
Philip Fox (Adler Planetarium and Astronomical Mu¬ 
seum, Chicago), Joel T, Hildobrand (University of Cali¬ 
fornia, Berkeley, California), Burton £. Livingston 
(Johns Hopkins University, Baltimore, Maryland), Rob¬ 
ert A. Millikan (California Institute of Technology, 
Pasadena, California), Henry Norris Russell (Princeton 
University, Princeton, N. J.), Henry B. Ward (Univer¬ 
sity of Illinois, Urbana, Illinois}, Edwin B. Wilson 
(Harvard School of Public Health, Boston, Massachu¬ 
setts), A. F. Woods (U. 8. Department of Agrieulture, 
Washington, D. C.), 

Director of Press Service, Austin H. dark, U. S. 
National Museum, Washington, D. 0. 

^aeeutive Assistant, in charge of Washington office, 
Sam Woodley, Smithsonian Institution Building, Wash¬ 
ington, D. C. 

MEMBERSHIP AND FINANCIAL REPORTS 

At the beginning of the year paid-up membership 
was 18,269 (the largest membeTship in the assooia^ 
tion’s history) and it was 17,444 at the end; the 
net loss amounting to about 4.6 per cent. Paid-up 
memberships amounting to 1,397 were added during 
the year, but 315 of these were for only one h ^f 
year. Twelve new life membershipfl -were received 
during the year, and 20 additional ones have been 
received between September 30 and December 3L 

Because names of members whose dues are not paid 
are retained on the roll until there is an fitxearage for 
two years, it has been customary to employ 
enrolment’’ iu appraising the growth ot the organi»< 
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tion, but those who are in arrears for a year or more 
ought not to be eonsidered as bona fide members. 
There were 1,620 of these unpaid enrolments at the 
beginning of the year and 2,221 at the end; 780 of 
these were dropped on October 1, at the beginning 
of the present association year. 

The audited report of the treasurer for the year 
1931-32 is of special interest because of the Hector 
Edward Maiben bequest, from which the treasurer 
received $2,353,17 in cash, and securities appraised 
at $29,095. ' 

The late Hector Edward Maiben was a sustaining 
member for about ten years before his death. A 
Nebraska farmer, with little formal education, but 
nevertheless very well educated through lifelong 
omnivorous reading, he was especially interested in 
the broader aspects of scientific research and in the 
advancement of knowledge. In memory of Mr. 
Maiben the Association Council has established the 
Maiben Lecture as an important feature of the annual 
meetings. 

On September 30 the treasurer held endowment 
funds amounting to $200,774.83, according to cost or 
appraised values of the securities when acquired. 
He held also $35,010.81 of available but unappro¬ 
priated dunds accumulated in previous years, com¬ 
prising $15,030 of permanent secretary’s funds, 
$16,980.81 of treasury reserve and the prize fund 
of $4,000 (reserved for four annual prizes of $1,000 
each, including the Atlantic City prize). The average 
rate of interest received in 1931-^32 from the treasur¬ 
er’s funds was 4.8 per cent., a very satisfactory rate, 
for which the treasurer, the finanoe committee and the 
association are to be congratulated. 

The permanent secretary’s financial report for 
1931-32 shows receipt of annual dues and entrance 
fees for the current year, amounting to $83,766.60. 
Delayed payments for earlier years and advance 
payments amount to $1,41448. For life-members’ 
journal subscriptions $1,648 was received from the 
treasurer. The amount paid to the publishers of 
ScisvoB for members’ journal subscriptions was 
$62,601.00. Division allowances and allowances to 
afWated academies amounted to $3,929. Circulariza¬ 
tion for new members cost $3,344.17. Travel expenses, 
per diem allowances and section expenses amounted 
to $4,799.16. Income from the New Orleans meet¬ 
ing was $8,658.51, and the cost of that meeting was 
$13,032.93. Corresponding items for the Syracuse 
meeting are $1,776.45 and $2,234.94 General ex¬ 
penses of the permanent secretary’s Washington 
dfllee amounted to $24,756.59. 

^ At the b^finning of the year the permanent seore- 
tmr^s genetaUy available funds amounted to $22,- 
and these had been decreased to $14,849.50 
ft th$ mxd of the year* Additional permanent score- 


tary’s funds for special purposes (amounting on 
September 30 to $4,793.48) do not require special 
consideration here. 

It is to be noted that the permanent secretary’s 
reserve of generally available funds (which had been 
accumulated in past years, when income from dues, 
meetings, etc., surpassed outgo) was decreased by 
$8,037.35 in 1931-32. The reserve was planned to 
care for special projects or for depression periods 
and it has been a veritable life-saver, allowing the 
work of the association to be maintained as usual in 
spite of ‘‘hard times.” Locally raised funds for re¬ 
cent meetings have fallen far short of covering the 
costs of those meetings, and research exhibits at 
the annual science exhibition have been increased in 
number and value, although that part of the ex¬ 
hibition produces expenses and gives no financial 
income. It is fortunate that this very important 
feature of the meetings might be continually enlarged 
and improved at New Orleans and at Atlantic City. 
The decrease in generally available reserves mentioned 
above is not to be regarded as a deficit in any real 
sense, for the association is not a commercial or¬ 
ganization and any reserves that accumulate should 
eventually be used to insure excellent meetings and to 
further the work of the organization in other ways^ 

On September 30 the appropriable funds of the 
association were as follows: 

Permanent secretary's accumulated available 


funds i... $16,080.00 

Treasurer’s accumulated available funds 16,980.81 

Treasurer’s income for 1931-32 8,321.87 

Permanent Secretary’s funds for specific pur¬ 
poses . 4,793.48 

Prize fund ... 4,000.00 


Total . ^ , $48,126.16 


Appropriations made subsequent to September 30 
are as follows: 

Kesearch grants, from treasurer’s funds: 

Henry B. Ward, not to exceed 800.00 

Charles F, Roos 1,000.00 

H. T, Stetson . . 600.00 

For allotment, to be decided by the Com¬ 
mittee on Grants. ... 700.00 

Honorarium for executive secretary of Com¬ 
mittee on Foreign Guests at Chicago 

Meeting (Philip Fox) . 1,000.00 

Three emeritus life memberships (income 
mainly from Jane M. Smith fund) . . 300.00 

Life membership journal subscriptions . 1,539.00 

Treasurer’s sofe^eposit box (including 

tax) . 22.00 

AtUuitio City Prize .. - 1,000,00 

Ezoepting the prize, which la derived from the prize 
fund, these appropriations are all from the treasurer’s 
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income for 1931-32^ the balance of which may eon- 
sequently be taken as $2,460.87, on December 31, 
1932. 

The executive assistant, Sam Woodley, of the Wash¬ 
ington office, reported several important economies 
instituted during 1931-32, among which may be 
mentioned: a saving of over $1,000 in connection 
with the securing of nominations for fellowship, a 
saving of about $1,100 through the use of unsealed 
envelopes for billing and for circularization for new 
members (postage, li cents instead of 2 cents), a 
saving of about $450 in connection with the editing 
of the General Program of the Atlantic City meeting, 
and savings of about $300 due to changes and modi- 
dcations in office routine. 

At the Atlantic City meeting a new endowment 
fund was started, consisting, at present, of $600, the 
recent bequest of Luella Agnes Owen. To this, it is 
hoped, additions may be made from time to time. 
The income from this fund is to be used for creating 
emeritus annual memberships. 

By action of the council at Atlantic City, the fees 
of deceased emeritus life members are now added 
to the principal of the Jane M. Smith fund, increas¬ 
ing it from $5,000 to $7,600, On December 31, 1932, 
there were 53 living emeritus life members, including 
the three just elected to that honor. 

SCHEDULE OF PROPOSED MEETING 
PLACES 

Chicago, Ill. Monday, June 19, to Friday, June 

30, 1933. 

Boston, Mass. , . . Wednesday, December 27, 1933, to 

Tuesday, January 2, 1934. 
Berkeley, Calif. Summer, 1934. 

Pittsburgh, Pa. . . Thursday, December 27, 1934, to 
Thursday, January 3, 1936. 
Minneapolis, Minn. .. Summer, 1935. 

St. Louis, Mo. . .. Friday, December 27, 1935, to 

Thursday, January 2, 1936. 

Rochester, N. Y.Summer, 1986. 

Washington, D. C. - Monday, December 28, 1936, to 
Saturday, January 2, 1937. 

Denver, Colo. . - -.Summer, 1937. 

Indianapolis, Ind. ...Monday, December 27, 1937, to 
Saturday, January 1, 1938. 

THE SECRETARIES' CONFERENCE 

The Atlantic City session of the Secretaries' Con¬ 
ference was held on Tuesday afternoon. It followed 
the Secretaries’ Luncheon, which was provided by 
the American Association, and adjourned so that 
conference members might attend the first council 
session. Over thirty of the conference members were 
in attendance and the only regret concerning this 
session was that the time allowed for it was not as 
great as might perhaps have been profitably used in 


discnasion. Dr. P. E. Brown is ohairmaii and Dr. 
Mark H. Ingraham (University of Wisconsin) is 
secretary of this conference for 1933. 

The Secretaries’ Conference acts as a sort of stand* 
ing committee of the association, to consider and to 
make recommendations to the executive committee 
and the council concerning relations between the 
association and the societies that meet with it. Its 
membership consists of (a) the secretaries of the 
association sections, (b) the secretaries of the asso¬ 
ciated societies and of other societies meeting with 
the association, and (c) the members of the executive 
committee. The Atlantic City session was mainly 
devoted to a discussion of the general problem con¬ 
cerning fellowship in the association, which followed 
a thoroughly studied report on this somewhat vexed 
question, presented by Dr. George T. Hargitt (Duke 
University), secretary of Section F. The conference 
recommended to the council that fellowship be re¬ 
tained as depending upon professional engagement 
in scientific work, not as an honor conferred for out¬ 
standing contributions or scientific eminence. It also 
recommended the discontinuance of the rather elabo¬ 
rate system by which fellowship nominations have 
been secured in recent years (at a cost to the associa¬ 
tion of about $1.60 per nomination, or over $1,000 per 
year, entailing much work on the part of members 
of the section committees and of the permanent 
secretary’s staff). Constructively, it recommended 
that members not yet elected to fellowship whose 
names occur in the fifth edition of American Men 
of Science”—which is about to be published—shall be 
eligible to fellowship unless objections are raised in 
individual cases. The council subsequently adopted 
this recommendation, adding that, in case of objec¬ 
tions, these shall be referred to the proper section 
committee in each instance, for recommendation to 
the executive committee. Special arrangements may 
be required for fellowship nominations in some sec¬ 
tions. Nominations may still be made by any three 
fellows, on blanks provided by the Washington offlee. 

THE ACADEMY CONFERENCE 

The Academy Conference acts as a sort of stand¬ 
ing committee of the American Association, to facili¬ 
tate cooperation among the affiliated academies and 
between them and the association. This conference is 
composed of the academy representatives in the coun¬ 
cil of the association (one for each affiliated academy) 
together with three members representing the Associa¬ 
tion as a whole. Academy affiliations with the 
A. A. A. S. are now 26 in number, as follows: Ala¬ 
bama, Colorado-Wyoming, Georgia, Dlinois, Indiana, 
Iowa, Kansas, Kentucky, Maryland, Michigan, Ne¬ 
braska, New Hampshire, New Orleans, North Caro- 
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lina^ North Dakota^ Ohio, Oklahoma, Pennsylvania, 
St Louis, South Carolina, Tennessee, Texas, Virginia, 
West Virginia, Wisconsin, Noxthwest Scientific Asso¬ 
ciation* 

The Academy Conference held its usual session on 
Tuesday afternoon, following the first session of the 
council. The members of this conference then dined 
together, at the annual Academy Dinner, provided by 
the American Association. The secretary of the con¬ 
ference, S. W. Bilsing (Texas Academy), was unable 
to be present on account of sickness in his family, 
and Miss Mary T. Harman (Kansas Academy) acted 
as secretary pro tern. For the ensuing year Howard 
E. Enders (Indiana Academy) is chairman of this 
conference and Emmett B. Carmichael (Alabama 
Academy) is vioe-ohairman. 6. W. Bilsing was 
elected secretary for the ensuing 4-year term, to suc¬ 
ceed himself. Dr. A. C. Walton (Illinois Academy) 
read a valuable paper on the practises of the affiliated 
academies in accepting papers for their programs 
and for their publications. A general discussion fol¬ 
lowed. 

By special invitation, Dr. Otis W. Caldwell (Co¬ 
lombia University), chairman of the conference’s 
committee on junior science organizations, read a re¬ 
port on the activities of high-school science dubs in 
New York City. Science clubs aid the advance¬ 
ment of science by starting at the beginning, as it 
were—aiming to discover and encourage young people 
who show capacity for later work in science, and to 
transmit to them at an early stage of their develop¬ 
ment some of the attitudes of mind and points of 
view of those who have led scientific advance in the 
recent past. 

Following Dr. Caldwell’s paper Dr. Enders spoke 
on pins adopted as insignia for the junior academies 
of Illinois and Indiana. The Academy Conference 
voted to recommend ^to the various state junior 
academies that pins of the type used in Illinois 
and Indiana be adopted, so that there might be uni¬ 
formity in this respect among junior academies as 
well as distinguishing marks. Brief reports on junior 
academy work were presented from the following 
affiliated academies: Illinois, Indiana, Iowa, Kansas, 
North Carolina, Ohio, West Virginia, Kentucky, Ala¬ 
bama and Virginia. 

A full report of the Atlantic City session of the 
Academy Conference will soon be sent to all confer¬ 
ence members and to the secretaries of the academies 
that are affiliated with the American Association. 
Others may receive copies of the report for the ask¬ 
ing, if they will send their requests promptly to the 
permanent secretary’s office, Smithsonian Institution 
Buildix^, Washington, D. C. 


THE PRESS SERVICE 
{By Awtin JET. Clark, director, A. A, A. 5. 

Press Service) 

From the point of view of the Press Service, the 
Atlantic City meeting was the most successful in the 
history of the association. The Press Service desires 
most cordially to thank the members of the association 
and of the associated and affllilated societies for the 
excellence and abundance of the material submitted in 
advance of the Atlantic City meeting, and also for 
the careful manner in which it was prepared. It 
desires also to express, to the many press representa¬ 
tives who took part in covering this meeting, the 
hearty and appreciative thanks of the association 
and its members. Especially gratifying was the fact 
that the great majority of the manuscripts and ab¬ 
stracts bore the date and hour of delivery, making it 
possible to provide them with release dates imme¬ 
diately upon receipt. This resulted in a very ap¬ 
preciable saving for the association, for the marking 
of release dates on papers submitted without the date 
and hour of reading means a considerable expenditure 
of time in searching through the manuscript of the 
program, and a corresponding outlay for clerical 
assistance. This year a minimum of clerical assistance 
was necessary at Washington in advance of the meet¬ 
ing, and none at all at Atlantic City, So large was 
the volume of excellent material sent in that all of 
it could not possibly be noticed in the press during 
the week of the meeting. But everything available 
for press notice will eventually be used. 

THE ANNUAL SCIENCE EXHIBITION 

The science exhibition was arranged in the grand 
ballroom of the Municipal Auditorium. The com¬ 
mittee on exhibition, and especially Dr. F. C. Brown, 
chairman of the committee and director of the ex¬ 
hibition, are to be congratulated on the extent, 
diversity and general excellence of this year’s exhibits. 
It seems to this reporter that the Atlantic City ex¬ 
hibition was the most satisfactory one thus for held. 
There was au excellent research exhibition at the 
fourth New York meeting (December, 1916) but a 
continually improving series of efforts in this direc¬ 
tion, with both commercial and research exhibits, had 
its start at the second Toronto meeting (December, 
1921). The Atlantic City exhibition was the twelfth 
of the series. 

A specially useful feature, introduced this year, 
was the Science Library, a collection of scientific 
books published in 1932; through the cooperation of 
34 puMahing houses over 300 volumes were thus 
available for examination. Another new feature of 
this exhibition was a series of short afternoon talks, 
at about 4:30 o’clock by men of soienee on their 
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avocations or hobbies. David E. Smith (Columbia 
University) told about Oriental book collecting, Day- 
ton C. Miller (Case School of Applied Science) 
talked on the development of the flute, illustrating 
his i^marks by means of about 40 flutes selected 
from his collection of these instruments, which is 
the most complete in the world. C. N. Hickman (Bell 
Telephone Laboratories) spoke on the history of 
archery and showed, with demonstrations, how science 
may enhance the interest one has in that art. 
Austin H. Clark (U. S. National Museum, manager 
of the A. A. A. S. Press Service) spoke about butter¬ 
flies and butterfly collecting. W. F. G. Swann (Bartel 
Research Foundation) illustrated cello playing as a 
pleasant hobby for a professional physicist. 

The exhibition included exhibits as follows: U. S. 
Bureau of Entomology (Mexican bean beetles and 
surgical maggots); American Museum of Natural 
History (flattened skulls from Venezuela, new-type 
dinosaur from Montana, ultra-violet patterns of but¬ 
terflies, muscular anatomy of the foot in bear, gorilla, 
chimpanzee and man, glass models of rotifers, etc.); 
Bartol Research Foundation of the Franklin Insti¬ 
tute (recording instruments for study of cosmic rays, 
a oosmio-ray hodoscope); Bausch and Lomb Optical 
Co. (many types of microscopes and other apparatus 
for research and teaching); Charles Bittinger (color 
paintings of solar spectnim, eclipse corona, etc.); P. 
Blakiston^s Son and Co. (several hundred scientifle 
publications) j Calibron Products, Inc. (physical ap¬ 
paratus) ; California Institute of Technology (x-ray 
fluoroscope and other research apparatus); Carnegie 
Institution of Washington (measurement of velocity 
of light, new photographs from Chichen Itza); Uni¬ 
versity of Chicago Physical Laboratory (apparatus 
used in field study of cosmic rays); Hugh U. Ciark 
and Leila G. Forb^ (unrecorded manuscript map 
drawn by Henry Livingston, 1788, showing prehis¬ 
toric Indian earthworks in Ohio); Clay Adams Com¬ 
pany (biological models, charts and specimens for 
teaching); Columbia University, Botany Department 
(models of geometric cell forms); U, S, Coast and 
Geodetic Survey (automatic recording accelerometer); 
U. S. Bureau of Fisheries (research on vitamins in 
fish products, especially vitamin D in canned salmon 
and mineral content of oysters as related to preven¬ 
tion and cure of nutritional anemia); U. S. Bureau 
of Standards (unusual forms of familiar substances 
—water with excess of hydrogen isotope two, bubbles 
of mercury like soap bubbles, etc.); Flcischmann 
Laboratories (production of vitamin-D milk by feed¬ 
ing cows with irradiated dry yeast); Field Museum 
of Natural History (evolution of the horse, birds 
of western China and of Chile, ttie Mayan solar year, 
fossils from Labrador, reptiles obd amphibians from 
Venezuela and from Solomon Islands, Asiatic mam¬ 


mals, etc.); Ford Motor Company (Johamuen 
gauges); E. Fuess, Inc. (apparatus for spectrum 
analysis, new meteorograph, etc.); General Electric 
Company (incandescent lamps for special uses); 
Gradwohl School of Laboratory Technique (parasitee 
and parasitic diseases, etc.); Johns Hopkins Univer¬ 
sity, Chemistry Department (models of molecules); 
Johns Hopkins University, Plant Physiology Depart¬ 
ment (radio-atmometers, especially newly developed 
black porous-porcelain spheres, and summer graphs 
of evaporation and sunshine); Kellogg Company 
(cereal preparations and Kaflee Hag); E. Leitz, Inc. 
(new colorimeter, new inverted microscope, Leitz 
nltropak, etc.); Lilly Research Laboratories and 
Johns Hopkins University (comparative studies on 
toad poisons); Linguaphone Institute (linguaphone 
oourses in 18 different languages); McGraw-Hill 
Book Company (recent publications); Massachusetts 
Institute of Technology (portable Van de GraafE 
generator, evolved from old static machine, etc.); 
University of Missouri (purification of viruses); Na¬ 
tional Zoological Park (living Surinam toads); New 
Jersey Agricultural Experiment Station (solution cul¬ 
ture and sand culture for growing standard plants); 
Rice Institute (Geigor-oounter apparatus for oosmic 
rays, recording cosmic-ray electroscope, etc.); Smith¬ 
sonian Institution (measurement of plant photosyn¬ 
thesis as related to light characteristics, COj pres¬ 
sure, etc.); South Carolina Food Research Commis¬ 
sion (vitamin contents of various foods); Spencer 
Lens Company (microscopes and other optical in¬ 
struments) ; U. S. Public Health Service (nature and 
prevention of the disease pellagra); University 
Presses—Chicago, Oxford, Stanford, Yale (recent 
publications); D. Van Nostrand Company (scientific 
and technological books); University of Virginia 
(growth of nerves); Warren-Knight Company (let¬ 
tering guides); Waukesha Motor Company (study 
of motor fuels); W. M, Weigh Manufacturing Com¬ 
pany (laboratory apparatus and equipment); Weston 
Electrical Instrument Corporation (electrical mea¬ 
suring instruments, etc.); Williams and Wilkins Com¬ 
pany (scientifle books and periodicals); Yale Univer¬ 
sity, Institute of Human Relations (testing apparatus, 
alertness and personality tests, etc.). 

The American Association is glad to express its 
appreciative thanks to all who took part in this 
record-making science exhibition at Atlantic City* 

THE NINTH AWARD OF THE ASSOCIATION 
PRIZE 

Through the generosity of a member who prefers 
to remain anonymous the American Association has 
awarded the annual thousand-doUar prise right times, 
and the Atlantic City award is the ninth. Aecmr#^ 
ing to the rol^ there is no open eokioyf^tion til# 
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priee, but all papers appearing in the (General Pro¬ 
gram of an annual meeting are automatioally eligible, 
exeepting invited papers presented at general ses¬ 
sions and presidential and vice-presidential addresses, 
which are not eligible. No attempt is made by the 
oommittee on prize award to select “the best’’ paper, 
since satisfactory comparisons are not possible be¬ 
tween different fields of science. The prize is awarded 
simply to the author of some very notable contribu¬ 
tion. The donor of the prize funds desires to aid 
and encourage younger authors rather than to honor 
older men. 

The Atlantic City prize was awarded to Dr. Henry 
Eyring, of Princeton University, for a paper on 
“Quantum Mechanics and Chemistry, with Particular 
Reference to Reactions Involving Conjugate Double 
Bonds,’’ which was presented before Section C 
(Chemistry) on Thursday afternoon. 

Dr. Hekby Eyriko and His Work 

A chemist who thinks of chemical reactions in terms 
of contour maps, and of the speed of chemical proc¬ 
esses in terms of the height of a mountain pass be¬ 
tween one valley of reacting substances and the 
neighboring valley of reaction products, such is the 
recipient of the 1932 Prize offered by the American 
Association for the Advancement of Science. Had 
his subject been literature rather than science one 
might have attributed the development to vivid youth¬ 
ful impressions obtained when the young bachelor of 
mining engmeering and master of science in metal- 
luigy left the halls of the University of Arizona and 
crossed the Rooky Mountains to obtain the doctor’s 
degree in chemistry in the University of California. 
We must, however, attribute the development to the 
impact of the newer ideas in mathematical physics 
upon a mind well trained not only in chemistry but 
aLso in physics and mathematics. His doctor’s thesis 
in California was physical rather than chemical and 
dealt with ionization in various media produced by 
the alpha particles from polonium. Two years of 
post-doctorate ^ort as research associate to Professor 
Farrington Daniels in the University of Wisconsin 
brought Dr. Eyring into contact with the urgent prob¬ 
lems of speed in chemical processes and in particular 
with the problem of molecular decomposition of nitro¬ 
gen pentoxide, a process which apparently occurred 
at cottfltant temperature at a velocity which was, to 
the first approximation, independent of its environ- 
tOBUtal medium. 

As National Research fdlow at the Univm^sity of 
Berlin Dr. Eyring found in Professor M. Polanyi a 
kindved spirit with whom he could attack the problem 

iqueed in chemieal procssses from a fundamental 
IhfO^Sal standpoint. There was a fortunate group- 
ief of eirotUQ^tanees. BonhoeSer and Sarteok had 


just discovered para-hydrogen and were busily en¬ 
gaged investigating the velocities of interconversion 
of the ortho and para varieties. Such a problem was 
especially suitable to a quantum mechanical study for, 
at that time, the hydrogen molecule was the only one 
for which computation of the respective contributions 
of coulombio and interchange binding were available. 
Indeed, it was the existence of the non-classical inter¬ 
change or resonance binding which was beginning to 
indicate the nature and magnitude of the valency 
binding. Briefly, Eyring and Polanyi explored the 
possible mechanisms by which para-hydrogen could 
be changed homogeneously into ortho-hydrogen and 
concluded that the easiest mechanism was that in¬ 
volving the interaction of an atom with a molecule. 
The problem resolved itself into a determination of 
the potential energy of a system of three hydrogen 
atoms at all distances R^ and R^ from each other. 
These energies, when plotted on a diagram with co¬ 
ordinates R^ and R^, gave a contour map of iso-energy 
lines representing a potential surface and consisting 
of two deep valleys separated by a saddle about 13 
kilo cals, above the valley floors. It is this height of 
the mountain pass which is a measure of the activation 
energy of the process in question and determines the 
speed at which the reaction occurs. It was fortunate 
that simultaneous experiments in the Kaiser Wilhelm 
Institut gave Eyring confirmation of the approximate 
validity of his calculations and encouraged him to 
further enterprise. 

The last two years have seen an extension of this 
method of approach to a wide variety of chemical 
problems. The rapidity of the development has made 
it necessary to make approximate and empirical as¬ 
sumptions which it will be necessary later to refine 
and make more precise. Dr. Eyring, however, im¬ 
presses every one with the boldness of his approach 
to the undoubted difficulties which lie in his path. He 
justified his courage by the results presented at the 
Indianapolis meeting of the American Chemical So¬ 
ciety in the spring of 1931, in which he showed that 
the element fluorine had a much lower rating tas to 
reactivity than the previous chemical literature would 
indicate. Practically simultaneously von Wartenburg 
in Danzig showed that both molecular and atomic 
fluorine were relatively inert toward hydrogen at 
ordinary temperatures. ^ 

There were many problems at Princeton awaiting 
his ai^val in September, 1931. During that year it 
had been shown in our laboratories that many mole¬ 
cules were adsorbed: but slowly on surfaces important 
in technical catalytic reactions. With Mr. Albert 
Sherman, Dr. Eyring analyzed the problem of the 
speed of attachment of hydrogen to a charcoal surface 
and obtained results consistent with the concept of 
activated adsorption developed in Princeton and with 
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the eapaoitj of ehareoal to indaoe the para-hydrc^en 
oonversion at its surface. The problem of mechanism 
in the photoohemioaJ hydrogen-chlorine combination 
which had occupied experimental investigators for a 
hundred or more yeans was also examined by the 
theoretical method and was shown to yield results 
identioal in nature with those to which recent experi¬ 
mental investigations were tending, more especially 
in the direction of anticipating a lack of influence of 
water vapor on the velocity of the process. Recently, 
under the stimulation of the approaching Atlantic 
City meeting, Eyring dived down an entirely new 
avenue of investigation. It may be regarded as a 
by-path from his study of adsorption at charcoal sur¬ 
faces, but it is a fundamentally new attack on prob¬ 
lems of alternative organic reactions in a given 
system. At the moment, the reactions are most elemen¬ 
tary in their nature, but in this new fleld it is neces¬ 
sary to walk first before one can run. There are 
many other fields still to be explored, and Dr. Eyring 
has the temperament to enlist active cooperation. 

In the early days of quantum mechanics one 
imagined that it might be mainly concerned in its 
chemical aspects with atomic and molecular structure. 
It has been Eyring’s privilege to show to those who 
were interested, not so much in structure, but in the 
speed and mechanism of chemical reactions that they 
also must concern themselves with these new develop¬ 
ments of mathematics and physics .—Hugh S, Taylor. 

HENRY NORRIS RUSSELL, PRESIDENT 
ELECT OF THE AMERICAN 
ASSOCIATION 

A truly encyclopedic knowledge of physical science 
is impossible at present, but Henry Norris Russell's 
scope approximates that. In the varied science of 
astronomy there are few fields to which he has not 
contributed. To physicists he is known for brilliant 
work in classification of spectra. He is a stimulating 
lecturer, to technical and lay audiences alike, and 
general readers are in his debt for regular accounts 
of astronomical progress. He took a leading part in 
preparing a general astronomical text. His acquain¬ 
tanceship with scientific men is of the widest; on 
many committees he has strengthened liaison between 
diverse fields and assisted in formulating policies. 
Nor do these professional matters by any means ex¬ 
haust his sympathy and energy. 

He was bom at Oyster Bay, New York, on October 
25,1877. His father, Alexander G. Russell, was bom 
in Nova Scotia, of Scottish stock. His mother, Eliza 
Hoxie Norris, came of a line of New England sea- 
captains, and was bom in Para, Brazil, where her 
father was temporarily resident as American consul. 
Both he and her mother showed strong interest in 
exact soienee. 


At the age of 12, Henry Norris Bussell came to the 
Princeton home of his mother's family. He took his 
A.B. at Princeton University in his twentieth year, 
late in the “golden nineties,” which—it would now 
appear unjustly—^have not been considered there a 
period of high intellectual attainment. Receiving his 
Ph.D. in astronomy from the same institution (under 
Young) in 1900, he spent 1902 through 1905 at Cam¬ 
bridge, England, first as research student at King's 
College, then as Carnegie research assistant at the 
observatory. He was recalled to Piinoeton as instruc¬ 
tor in astronomy (1905) by E. 0. Lovett, then head 
of the department; and in spite of other nations he 
remains at Princeton, as research professor, chairman 
of the department of astronomy, and director of the 
observatory. Among graduate students whom he and 
his colleague of many years, Professor Raymond 
Smith Dugan, have instructed are Joy, Shapley, 
Menzel, Dunham. Since 1921 he has been borrowed 
from Princeton for several months of every academic 
year by the Mt. Wilson Observatory as research asso¬ 
ciate. 

Russell first attained general recognition by his 
work in the field of stellar constitution and evolution, 
about 1913. Starting from Hertzsprung's differentia¬ 
tion of red stars into giants and dwarfs, he organized 
the luminosity-type diagram—which shows relations 
between intrinsic brightnesses and the surface tem¬ 
peratures of stars. He gave physical interpretatiaD 
to this now well-known picture by following lines 
suggested many years before by H. Lane and Sir 
Norman Lockyer. Subsequent developments in atomic 
physics, which could not have been foreseen, have 
invalidated Russell's theory, but the diagram itself 
has exercised controlling infiuenoe on the advance of 
stellar physics. He has continued contributing to 
this now very complex subject, and in the first Maiben 
lecture at the Atlantic City meeting of the A. A. A. 8. 
he presented a critical summary of current knowledge. 
An earlier summary was given in a course of LoweU 
lectures in 1931. Early in 1923, as the direct result 
of arranging demonstrations of spectra for an under¬ 
graduate course, be became interested in the expand¬ 
ing subject of the relation of spectra to atomic con¬ 
stitution. In collaboration with F. A. Saan4ers he 
attributed the anomalous terms in the spectra of the 
alkaline earths to the joint action of two electronsi 
initiating the interpretation of complex spectra. He 
has taken on extensive part in the analysis of such 
spectra. Another series of papers deals with astro- 
physical applications of these principles and of ioniza¬ 
tion theory, culminating in a study of toe eompositiQD 
of the sun's atmosphere (1929) and in studies of 
stellar spectra made in coUaboTatton with W. S. 
Adams and Miss Moore. 

In positional and dynamical aatromMUy^ in^tition 
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may be made of his work on stellar parallax (pub¬ 
lished in 1911); on the photographio determination 
of the moon’s place; and on dynamical parallaxes of 
double stars—^the latest list by Bussell and Miss Moore 
includes 1,777 objects. Photometrio interests are rep¬ 
resented by a discussion of the albedo of the planets 
and satellites (1916) and a series of papers on the 
determination of the elements of eclipsing variables 
(partly in collaboration with Shapley, then a graduate 
student). His war-work on airplane navigation also 
may be mentioned. 

As first Terry lecturer at Yale, under the title 
^'Fate and Freedom,” Bussell exhibited what future 
historians of the well-worn relationship of religion to 
science may describe as a last stand of the Calvinistic 
mechanist just before old dykes broke and the rising 
tide of indetermination blotted out his trenches— 
but he retires with honor since his thesis was that 
mechanism didn’t matter. He has from time to time 
preached sermons in churches of various denomina¬ 
tions. 

Bussell’s honorary degrees are from Dartmouth— 
D.Sc., 1922—Louvain—Doctor, 1927—and Harvard 
—D.Sc., 1929. His medals include the gold medal 
of the B. A. S., the Lalande medal, the Draper, the 
Bruce and the Bumford. He served as vice-president 
of the mathematics-astronomy section of the A. A. 
A. 8 . in 1918, and as president of the American 
Philosophical Society in 1931-1932. He is a member 
of numerous other scientific societies and a foreign 
associate of the Royal Astronomical Society; he is 
chairman of the committee on stellar spectra of the 
International Astronomical Union, and a member of 
its committees on double stars, stellar parallaxes, 
stellar statistics, solar spectroscopy, stellar constitu¬ 
tion and notations and units. 

His work has been distinctly theoretical rather than 
observational. In 1908 he married Lucy May Cole, 
of New York; they have four children, of whom three 
are now in college. Travel is for him a ruling passion 
and he spent a sabbatical year with his family in 
Egypt and the Near East without visiting an observa¬ 
tory or reading on astronomical periodical.— J, Q. S. 

THE NEWLY ELECTED PERMANENT 
SECRETARY 

Dr. Henry B. Ward, the newly elected permanent 
seeretary of the association, is to retire next June 
from his portion as professor of zoology and head 
of the department of zoology at the University of 
Illinoia. The American Association is very fortunate 
in being able to secure the services of a man of Dr. 
Ward’s attainments and experience. 

He was bom in Troy, New York, on March 4, 1866. 
Receiving the A.B. degree from Williams College in 
1885^ be taught soienoe in ^ Troy high school for 


three years, after which he went to Harvard for 
graduate study, where he received the Ph.D. degree 
in 1892. He then studied in Germany, at Gottingen, 
Freiburg and Leipzig. At Leipzig, in the laboratory 
of the great zoologist and parasitologist, Rudolph 
Leuckart, Dr. Ward received the inspiration which 
determined the course of his whole future career. At 
that time Leuckart was at the height of his power and 
his laboratory was the world center for training men 
in the field of parasitology. Dr. Ward returned to 
the United States determined to devote his research 
activities to the field of parasitology and with the 
vision of an American laboratory where Leuckart’s 
method would be used in training students. 

After a year as instructor in the University of 
Michigan he was called to the University of Nebraska 
in 1893, where be served until 1909, continuing his 
researches on animal parasites and developing the first 
graduate center in the United States in the field of 
parasitology. He increased his interest in the medical 
relations of his subject, becoming dean of the medical 
school in 1902, In 1909 Dr. Ward was called to the 
professorship of zoology at the University of Illinois, 
where be has continued bis researches, at the same time 
training many students in parasitology. In 1914 Dr. 
Ward started the Journal of Pa/raaitologyf whlth, 
through the 18 volumes which he edited, has been the 
only journal in the United States devoted to this sub¬ 
ject. At Illinois, in addition to bis work as head of 
the departnsmt of zoology, he has taken an active 
part in university administration and has served on 
important committees. During his summers he has 
carried out researches for the U. B. Fish Commission, 
especially on the conservation of salmon, and has 
repeatedly made field expeditions to the Pacific North¬ 
west and to Alaska. 

Dr. Ward has also taken an active part in scientific 
societies. From 1895 to 1922 he was secretary of the 
Society of the Sigma XL He has been president of 
the American Society of Zoologists, the American 
Fisheries Society, the American Society of Parasitolo¬ 
gists and the Izaak Walton Leagne. He has received 
honorary degrees from the University of Cincinnati 
and Williams College and is a member of many scien- 
tifle organizations in this country and abroad. He 
has been deeply interested fo^ many years in the or¬ 
ganization and work of the American Association for 
the Advancement of Soienoe, serving as secretary of 
Section F in 1900, as seoretaxy of the council in 1901, 
as vice-president for Section F in 1905 and as a 
member of the executive committee since January, 
1918. His knowledge of association affairs, his wide 
experitince and his unusual executive ability admirably 
fit him for the important position of permanent sec¬ 
retary.—W. W. G. 
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GENERAL SESSIONS OF THE ASSOCIATION 

At the opening session, on Tuesday evening, Retuv 
ing President Fiianz Boas, of Columbia University, 
spoke on “The Aims of Anthropological Research,” 
saying that anthropology attempts “to understand 
the steps by which man has come to be what he is, 
biologically, psychologically and culturally.” Dr. 
Boas showed analytically and comprehensively how 
anthropologists are going about the accomplishment 
of that aim. His address has been published in full, 
in Science for December 30, 1932. 

The general session on Wednesday evening was 
devoted to the eleventh annual Sigma Xi lecture, by 
Dr. Harlow Shapley, of Harvard University, on “Fact 
and Fancy in Cosmogony.” The lecture was illus¬ 
trated by means of lantern slides. It was pointed out 
that hitherto used theories of the origin of moon, 
planets, stars and the galaxy are becoming increas¬ 
ingly inadequate, through the rapid accumulation of 
highly dependable measurements and rigorous calcu¬ 
lations of various sorts. For example, Harold Jeff¬ 
ries, who has been foremost in developing the Darwin 
hypothesis (that the moon is earth material drawn 
away by the tidal action of the sun) now thinks that 
the moon could not have been bom from the earth. 
As to planet origins, the planetesimal hypothesis and 
related theories have failed to give general satisfac¬ 
tion. Dr. Shapley's suggestion was that wx* consider 
the possibility that moon, planets and sun may all 
be of the same age, having arisen in a secondary swirl 
or eddy of the parental spiral nebula that produced 
the local galaxy; thus the members of the solar system 
are merely survivors of that secondary swirl. As to 
the evolution of stars and galaxies, theories must 
remain very tentative indeed. Although we have much 
superficial knowledge of stars and reasonable explana¬ 
tions to suit, yet inside facts are still lacking. We 
have observations on more than 100,000 different 
galaxies, we estimate that ten times that number are 
within our present reach and we fancy that there are 
hundreds or thousands of millions; but whether our 
own galaxy is simple or complex we can not yet tell. 
There is no indication that our galaxy is of any spe¬ 
cial significance, either with regard to constitution or 
with regard to its position in the universe. 

On Thursday evening Professor Dexter S. Kamball, 
of Cornell University, lectured on “The Social Effects 
of Mass Production,” At the close of on enlightening 
discussion of various ospecte of this subject. Dr. 
Kimball concluded, “If we shall achieve a semblance 
of economic freedom for all men, a high standard of 
life, security end delight in work, and leisure, it will 
be through much trouble and opposition, such as men 
have always encountered in winning political and re¬ 
ligious freedom.” The address appwed in Bcibncb 
for January 6. 


Hmoeforth there is to be, at each annual meeting 
of the American Association, a Maiben Lecture^ re- 
oently established by the council in memoiy of the late 
Hector E. Maiben, whose bequest to the association 
is noted on an earlier page (Membership and Finan¬ 
cial Reports). The lecture is to deal authoritatively 
with some topic of great scientific interest and it is 
to be addressed to men and women of science in gen¬ 
eral rather than to special workers in the lecturer’s 
own field. The first Maiben Lecture was given at 
Atlantic City, on Friday evening, by Dr. Henry Norris 
Russell, of Princeton University, who spoke on “The 
Constitution of the Stars.” After discussing various 
lines of evidence, Dr. R\issell concluded that atomic 
synthesis of heavier elements from hydrogen is proba¬ 
bly the source of the heat and light radiated, the 
radiation representing the residual energy set free by 
the synthetic processes. The magnitude of this residue 
is enormous, by most human measures; the sun— 
which is a smallish star—^radiates heat into surround¬ 
ing space at the rate of 4,200,000 tons per second 
(and a pound of heat is sufficient to turn 30 million 
tons of rook into white-hot lava). This lecture was 
published in Science for January 20. 

At a general session held on Tuesday afternoon at 
4: 30, Professor 0. H. Caldwell, editor of Electronics, 
spoke on “Elcxstrons at Work,” His address dealt 
with the nature and operation of the electron tube 
and its many applications. Great industries are 
already built on the principle of the electron tube, 
those of radio apparatus and of talking pictures, for 
example. Electronics is now as important and adapt¬ 
able in electric designing as is magnetic induction, and 
additional developments in this new field are rapidly 
emerging. 

On Wednesday afternoon there were two lectures at 
4; 30, one by Dr. Carl C. Speidel, of the Univemty 
of Virginia, and the other by Dr. Davton C. Miller, 
of the Case School of Applied Science. Dr. Speidel’s 
subject was “Nerve Growth and Repair,” illustrated 
with 30 minutes of motion photomicrographs. Obser¬ 
vations on growing tips of nerve fibers (in tadpole and 
salamander) under various sets of conditions were 
described, also the migration of early sheath cells 
(which showed interesting ohemotaxes) and the whole 
process of formation of the myalin sheath. Nerve 
regeneration was discussed, with several case histories. 

Dr. Miller discussed the evolution of the flute snd 
of the musical scale, with sound illustrations produced 
from a number of instruments from his very extensive 
and comprehensive ooUeotion of flutes. This was a 
popular lecture, arranged in connection with the 
^^obbies talks” (see Exhibition, page 129), 

The tenth annual Josiah Willarfl Gibbs Leotuxa, 
given under the joint auspices of the Atnerisait AssipH 
ciation and the Axnerlcaiji Mathematical Sodetyi 
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ourred <m Thursday afternoon at 4:30. The speaker 
was Professor B. C. Telman, of the California Insti- 
tute of Technology. He discussed recent extensions of 
the principles of classical thermodynamics, which were 
most completely expressed by Gibbs. Possibilities for 
important differences between classical and relativistic 
thermodynamics were illustrated by means of appli¬ 
cations of the newer principles, and it was emphasized 
that must no longer dogmatically assert that the 
principles of thermodynamics necessarily imply a uni¬ 
verse which was created at a finite time in the past 
and is fated for ^heat-death’ in the future.” 

Also on Thursday afternoon was given a popular, 
illustrated talk on “Personal Experiences in West 
Indian Hurricanes,” by Dr. Melville T. Cook, of the 
Insular Experiment Station, Puerto Rico. Dr. Cook 
said that these hurricanes have been known since the 
first voyage of Columbus. Several of them generally 
occur each year, in the period from July to October, 
but most of them expend themselves at sea. Four 
have struck Puerto Rico since the American occupa¬ 
tion. They progressed at from 8 to 12 miles an hour, 
hut the rotary movement may exceed 150 miles on 
hour. The jmth may he as much as 150 miles broad. 

On Friday afternoon there were two general lec¬ 
tures, one by Professor Russell W. Bunting, of the 
University of Michigan, and the other by Professor 
R. W. Wood, of the Johns Hopkins University. Dr. 
Bunting’s subject was “Recent Developments in the 
Study of Dental Caries.” He pointed out that this is 
the most common human disease of civilization, but 
that it is not generally common or very serious among 
uncivilized peoples. It is caused by a bacterium of 
the laoto4>acillua group, which is present only in small 
numbers, or is absent, in the mouths of persons with 
little or no dental decay. Some persons are immune 
and immunological study may sometime make preven¬ 
tion possible. Diet may be important, hut conclusions 
are not yet possible in that respect. Oral cleanliness 
retards the progress of the lesions, but does not 
appear to prevent their inception. This disease re* 
quires much more study, with the correlation of find¬ 
ings in various fields of science. 

Dr. Wood told, in his charaoteristioally interesting 
way, how he had been able to solve the problem of a 
remarkable rose-purple film that covers the surface of 
some of the thin, concave gold sequins found in the 
tomb of King Tut-ankh-Amen, thus gaming a knowl¬ 
edge of what'was apparently a secret of a very few 
Egyptian goldsmiths of Tut-ankh-Amen’s time. Spec- 
txoeoopic and magnetic examination showed that the 
film was mainly iron and that the gold beneath it 
contaiited iron ss impurity. Numerous small globules 
stand out in high relief on these sequins, which shows 
il^ they were heated to a hig^ temperature after 


having been hammered into shape, and that the origi¬ 
nal gold contained an impurity such as arsenic, which 
would give risei, on heating, to the small, superficial 
globules or hubbies just mentioned. The outcome of 
Dr. Wood’s study is that these sequins were probably 
first hammered from nuggets of native gold that hap¬ 
pened to contain both iron and arsenic, and then 
heated to a red heat to bring out the colored film, or 
perhaps the original gold contained only iron and the 
ancient goldsmith introduced arsenic by melting it in 
considerable bulk with orpiment. 

SCIENTIFIC SESSIONS 

The following very brief account of the sessions of 
sections and societies that took part in the Atlantic 
City meeting have been prepared from reports fur¬ 
nished by the several secretaries and others, as indi¬ 
cated. In some instances the reports have been used 
with little or no alteration. In other instances these 
accounts are shorter than the reports. All accounts 
have been edited with as much care ns was permitted 
by the very limited time that was available. To those 
who supplied the reports, which were indispensable, 
the general secretary wishes to express his hearty 
thanks and the appreciation of the American Asso¬ 
ciation for that great service. It will he observed thet 
the several scientific societies are arranged according to 
the respective association sections to which they are 
related. Several societies are shown as related to both 
Section F (^ological Sciences) and Section G (Bo¬ 
tanical Sciences), and the organizations of another 
group are shown as related to the association as a 
whole. 

SECTION A (mathematics) 

(Reports from U. N, Moore and W. D. Cairns) 

On Wednesday afternoon Section A joined with the 
American Mathematical Society and the Mathematical 
Association of America to listen to two highly inter¬ 
esting addresses presented by Dean L. P. Eisenhart, 
retiring president of the American Mathematical So¬ 
ciety, and Professor E. R, Hedrick, retiring vice- 
president for Section A. Dean Eisenhart’s address 
dealt with spaoes admitting complete absolute paral¬ 
lelism. In the theory of infinitesimal parallelism, as 
proposed for Riemannian spaces by Levi-Civita and 
generalized by Weyl to a%ie linear connections, 
parallelism of vectors at distant points depends ordi¬ 
narily upon a curve joining the points. However, in 
certain Riemannian spaces and linearly connected 
manifolds of order » there are one or more fields of 
absolut^y parallel vectors, that is, any two vectors 
of a field are independent of the curves joining the 
points'^ef application of the vectors. But only in the 
case of Euclidean space of n dimensions are there n 
independent fields of absolutely parallel vectors. 



136 


SCIENCE 


VOL. 77, No. 1988 


Starting with n independent fields of veetors, it is 
possible to define another linear connection with re¬ 
spect to which the fields are absolutely parallel, and 
thus we have linearly connected manifolds which are 
not Euclidean and which admit complete absolute 
parallelism. These ideas center around the researches 
of Weitzenbdek, Cartan, Vitali, Hessenberg, Kdnig, 
Bortolotti and Eisenhart. Yitali suggested a Rieman- 
nian metric. In i02S Einstein developed these ideas 
anew as the bases for a unified field-theory of gravi¬ 
tation and electricity. In 1925 Eisenhart pointed out 
the significance of this theory in connection with 
simply transitive continuous groups of motion of a 
Riemannian manifold. All these ideas have been fully 
developed by Cartan and Schouten in the geometry 
of the group manifold of any continuous group. 
Robertson studied the manifolds with complete abso¬ 
lute parallelism, admitting a motion of the space into 
itself.—Professor Hedrick prefaced his address by 
indicating its relationship to the addresses of Pierpont 
and of Dresden given at Nashville and published in 
the Bulletin of the American Mathematical Society, 
1928. He then proceeded to discuss the throe prin¬ 
cipal schools of the logical foundations of mathemat¬ 
ics: the logistic, the postnlational and the intuitional 
schools. A distinction was made between the intui¬ 
tional method proper and certain logical ideas advo¬ 
cated by that school, in particular the objections to 
the use of the law of the excluded middle. Attention 
was called to recent work in which satisfactory logical 
systems have been created which do not satisfy that 
law, and the conclusion was drawn that much of 
mathematics may require reconstruction.—On Tues¬ 
day morning Section A and the American Mathemati¬ 
cal Society joined with Section K and the Econometric 
Society to hear an address by Dr. W. A. Shewhart on 
probability as a basis for action. The ensuing discus¬ 
sion was opened by Professor E. V. Huntington and 
Professor Harold Hotelling.—On Wednesday evening 
a joint dinner for all the mathematical organizations 
was held at the Hotel Morton. The tenth Josiah 
Willard Gibbs Lecture, under the joint auspices of 
the American Mathematical Society and the American 
Association, was delivered by Professor R. C. Tolman 
on Thursday afternoon. Professor Tolmon’s address 
was entitled “Thermodynamics and Relativity.” He 
pointed out some of the highly important modifications 
which take place in the conclusions of classical thermo¬ 
dynamics when we extend it on the basis of the relativ¬ 
ity theory. He showed that in the new theory it is 
not necessary for a system in heat equilibrium to have 
uniform temperature, since at any point the tempera¬ 
ture would depend on the gravitational field. Also 
in the new theory it is possible to have reversible 
processes at a finite rate and. a auooession of irre¬ 


versible processes without a final state of maximum 
entropy.—A trip to Princeton University occurred on 
Friday, to inspect the new mathematics building, 
Henry Borchard Fine Memorial Hall, and a sym¬ 
posium on “Application of the Operational Calculus 
to Mechanics” was held in that building. The prin¬ 
cipal address of the symposium was delivered by Pro¬ 
fessor John von Neumann. He spoke first of the 
theorem due to B. 0. Koopman, to the effect that the 
partial-differential equation of the probability-density 
in phase-space in classical mechanics leads to opera¬ 
tional proper-value problems of the same type as those 
familiar in quantum mechanics. These operators can 
be handled by using the extension of the classical 
theory of Hilbert space, due to M. Stone, J, von 
Neumann and others. 

On Tuesday evening and Thursday morning and 
afternoon the American Mathematical Society held 
sessions for the presentation of contributed papers. 
At the business meeting on Thursday afternoon the 
following officers were elected: Trustees, Dean L. P. 
Eisenhart, Professor W, B. Fite, Dr. Robert Hender¬ 
son, Professor G. W. Mullins, Dean R. G. D. Richard¬ 
son; president. Professor A. B. Coble; vice-president, 
Professor J, W. Alexander; oasoctate secretary. Pro¬ 
fessor J. R. Kline; librarian, Professor R. C. Archi¬ 
bald; member editorial committee of the Bulletin, 
Professor D. R. Curtiss; member editorial committee 
of the Transactions, Professor F. R. Sharpe; member 
editorial committee of the American Journal of 
Mathematics, Professor E. W, Chittenden; member 
editorial committee of the Colloquium Publications, 
Professor Oswald Veblen; members of council, Pro¬ 
fessor G. D. Birkhoff, Professor G. A. Bliss, Professor 
L, M. Graves, Professor Einar Hille, Professor G. Y. 
Rainich. 

The Mathematical Association of America showed 
a registration of nearly 300, 177 of these being mem¬ 
bers. Sessions were held on Tuesday afternoon and 
Wednesday morning. Mr. E. W. Marshall (Provident 
Mutual Life Insurance Company) discussed the edu¬ 
cational aspects of the relation of mathematics and 
life insurance, outlining the mathematical require¬ 
ments for the examinations for the Actuarial Society 
of America and the American Institute of Actuaries, 
and pointing out the deficiencies of college students 
as revealed by these; he discussed the qualifications 
of prospective actuaries aside from the mathema|ioal 
background and made suggestions regarding the 
proper courses of study in college for actuarial work. 
Mr. Ralph Keffer (Aetna life Insurance Company) 
considered the fundamental assumptions regarding 
mortality and the application of the theory of 
probabiUty to the development of certain problems 
in life insunuice; he discussed these from the stand* 
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point of the individual purchaser of insurance, of 
the insoranoe company and of the state supervisory 
department, and he added a discussion of mortality 
investigationB and of the limitations upon the inter¬ 
pretation of statistics. Professor J. A. Shohat (Uni¬ 
versity of Pennsylvania) gave an account of the life 
and work of Dr. T. H. Gronwall, for the past five 
years until his death last May an associate in the 
department of physios of Columbia University. Pro¬ 
fessor Virgil Snyder (Cornell University) spoke of 
the successive congresses of mathematicians leading 
up to the international congress held at Zurich last 
September. Professor J. L. Walsh (Harvard Univer¬ 
sity) gave a general theorem in interpolation series 
connected with his papers on the Transactions of the 
American Mathematical Society, 1932, and in the 
ProceecUnffs of the National Academy, 1932.—The 
Chauvenet Prize, of $100, was awarded to Professor 
G. H. Hardy (University of Cambridge, England), 
for the best expository paper on a mathematical sub¬ 
ject published in English by a member of the Mathe¬ 
matical Association in the triennium 1929-31. At the 
annual business meeting the following were elected: 
Professor Arnold Dresden, president for two years; 
Professors A. A. Bennett and E. B. Stouffer, vice- 
presidents for 1933; and Professors B. F. Finkel, W. 
L. Hart, E, V. Huntington and E, J. Moulton, mem¬ 
bers of the Board of Trustees for three years. The 
financial report showed a profit for the Mathemat¬ 
ical Association of over $1,000, due largely to interest 
on endowment funds and the low cost of conducting 
the yeaPs business. The Mathematical Association 
will meet at Chicago in the week of June 19, 1933, 
and at Cambridge, Massachusetts, in December, 1933, 
in afidliation with the A. A. A. S. 

SECfTION B (PHTSICB) 

{Reports from A, L. Hughes, E, Monroe Harwood, 
Charles F, Brooks) 

At a session on Thursday morning the retiring 
vice-presidential address for Section B was given 
by Dr. Bergen Davis (Columbia University), which 
was followed by two invited papers, by Dr. A. W. 
Hull (General Electric Company) and by Dr. T. H. 
Johnson (Bartol Research Foundation). Dr. Davis, 
speaking on “The Conquest of the Physical World,’' 
discussed the efforts of man to control his environ¬ 
ment from the earliest times and illustrated how his 
piPogresB in this effort has been accelerated remark¬ 
ably within the last few generations. In the realm 
of pure physios, the discovery of x-rays and radio¬ 
activity and the development of the quantum theory 
and the relativity theory are moat important. The 
speaker dealt entertainingly with recent studies on 
the atomie nucleus, a phase of physios which may 
soon dominate the science. Dr, Hull spoke on 


“Charactehstics and Functions of Thyratrons,” in 
which many widely diversified applications of the 
thyratron were discussed. Dr. T. H. Johnson db- 
cuBsed “The Cosmic-ray Hodoaoope,” a remarkably 
ingenious device for recording visually the direction 
of cosmic rays passing through the apparatus. 

At the sessions of the American Physical Society, 
held on Wednesday, Thursday and Friday, about 
sixty papers were presented. The activity in nuclear 
physios and in cosmic rays was reflected in a large 
number of papers on these and related topics. A 
s 3 miposium on “Cosmic Rays" attracted an audience 
of over six hundred. It was opened by Dr. G. L. 
Loeher (Bartol Research Foundation), who discussed 
various types of cosmic-ray tracks and their interpre¬ 
tation. A paper by Dr. R. A. Millikan and Dr. H. V. 
Neher (California Institute of Technology) presented 
new types of cosmic ray electroscope recently devel¬ 
oped by them. They found that cosmic-ray intensity 
at sea-level is independent of latitude and considered 
their results to be in accord with the view that cosmic 
rays enter the atmosphere as photons. Dr. A. H. 
Compton (University of Chicago) followed with a 
report of experiments in which he found that cosmic- 
ray intensity increases from the magnetic equator 
to the magnetic poles, this increase being barely 
perceptible at sea-level but more pronounced at an 
altitude of 20,000 feet. He considered these results 
to be consistent with the view that part, if not all, of 
the incoming cosmic rays are fast-moving charged 
particles.—Officers of the American Physical Society 
for the ensuing year are: President, P. D. Foote; 
vice-president, A. H. Compton; secretary, W. L. 
Severinghaus; treasurer, G. B. Pegram. 

At the fourteenth annual meeting of the American 
Meteorological Society, on December 27 and 28, Dr. 
H. H. Kimball (Harvard University) delivered the 
presidential address, on “Recent Advances in the 
Theory of Meteorology and its Industrial Applica¬ 
tions.” S. P. Fergusson described the equipment and 
work of the Mt. Washington Observatory, and also 
showed that the barometers used at Cambridge, at 
Blue Hill, in Washington and at Toronto had varied 
from one another by only a few thousandths of an 
inch over a period of more than forty years. He 
recommended that a national standard barometer be 
set up. Dr. Wm, J. Humphreys (U. S. Weather 
Bureau) explained how specific humidity increases 
during a heat thunderstorm and decreases during a 
line thunderstoTm. E. Monroe Harwood (Harvard 
University) reported a study of surface temperature 
of the western North Atlantic, from which it appears 
that the GtQf Stream varies but little in position and 
temperature.—^Reports by a number of speakers, on 
the meteorology of the solar eclipse of August 31, 
1932, aroused lively discussion. Dr. Charles F. 
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Brooks (Harvard University) pointed out that 
weather changes during the eclipse were similar to 
those accompanying the normal waning of the after¬ 
noon sun, but more rapid. S. P. Fergusson (Harvard 
University) described open-scale instruments, espe¬ 
cially aneroid and mercurial barographs multiplying 
6 and 7 times, also a portable anemograph and a 
large hygrothermograph. Jerome Namias (Harvard 
University) showed evidence of temperature change 
to a height of 700 m, and a marked sinking of a 
cloud during the eclipse. Charles H. Pierce and 
Harry Wexlcr (Harvard University) reported inflow 
of air aloft and outflow at the earth’s surface, on 
the edges of the ai'ea of totality, in accordance with 
pressure changes induced by cooling. Dr. Bernhard 
Haurwitz (University of Leipzig, Harvard University 
and Massachusetts Institute) showed that changes in 
solar radiation, air temperature, pressui’o and wind 
were nearly what should be expected from computa¬ 
tions. Professor Willis I. Milham (Williams Col¬ 
lege) offered results of observations on eclipse tem¬ 
peratures at Fryeburg, Maine. Dr. Oliver J. Lee 
reported that no pronounced effect of the eclipse on 
air temperature was noted above a height of 60 feet. 
—Professor P. R. Gast (Harvard University) showed 
that with the same intensity of light, tree seedlings 
grew little more than half as rapidly when the light 
came through a water screen that cut off infra-red 
radiation. Dr. G. A. Loveland presented evidence 
to the effect that windiness should be oonsidered in 
forecasting minimum temperatures. K. 0. Lange 
(Massachusetts Institute) told of instruction and re¬ 
search work in meteorology carried on at the Massa¬ 
chusetts Institute of Technology. J. C. Jensen showed 
some striking photographs that established the reality 
of ball lightning beyond doubt.—The society’s mem¬ 
bership decreased but little last year, and its financial 
condition remains satisfactory. Dr. Charles F. 
Brooks and William R. Gregg were reelected secre¬ 
tary and treasurer, respectively, and the following 
were elected councilors for 1933-35; Edward H. 
Bowie, J. E. Church, Chas. A. Donnel, Joseph B. 
Kincor and Chas. F. Marvin. The terms of Presi¬ 
dent H. H. Kimball and "Vice-President H. B. Hor¬ 
sey continue for another year. Among resolutions 
adopted at Atlantic City, one favored the inclusion 
of more research material in the Monthly Weather 
Review. Another favored courses in meteorology and 
climatology in institutions of higher education. 

The fourth annual meeting of the Society of 
Rheology was its first as an afliliated society of the 
A. A. A. S. The program consisted of three 
symposia: (1) ‘Tlow of Solids—Rocks, Metals and 
Cement”; (2) “Rheological Measurement”; (3) “Rub¬ 
ber and Association.” Twenty-two papers covering 
a wide range of researches were pxesented. The scope 


of rheology was indicated, for example, by papers on 
“Flow of Igneous Bocks,” by Robert Balk, “Plastic 
Deformations of Metals at Elevated Temperaturee 
under Prolonged Loading,” by A. Nadai, and **Bheo- 
logical Properties of Cement,” by Professor Eu¬ 
gene C. Bingham and Markus Reiner. This society 
and the Chemical Foundation have been sponsoring 
efforts, at the U. S. Bureau of Standards, aiming 
to establish the viscosity of water as the international 
primary standard for viscosity measurements. Dr. 
J. R. Coe, Jr., described the instrument that has been 
developed for that work. He has devised a method 
for improving the uniformity of bore of capillary 
tubes. The timing of flow in the ordinary sense is 
eliminated by an extremely accurate machine, which 
forces through the capillary a given quantity of 
water each second. Thus the only thing left to mea¬ 
sure is pressure. Papers by Professor E. C. Bingham 
and Dr. W. P. Davey and their students, relating 
viscosities, association and temperature coefficients 
of homologous series of pure organic liquids and oils, 
were of fundamental importance. Professor S. S. 
Kistler presented a mechanistic theory of colloidal 
behavior which seems to explain thixotropic effects 
and other anomalies encountered in visoous and 
plastic flow. 

The American Association of Physics Teachers de¬ 
voted two sessions to eleven contributed papers, 
demonstrations of new apparatus and motion pic¬ 
tures, and reports of standing committees. In a 
session devoted to invitation papers, Professor H. B. 
Williams recommended that premedical students be 
given the fundamentals that constitute a well-rounded 
physics course. It is desirable to convince the stu¬ 
dent, by means of specific applications of physics to 
medicine, that he is already beginning his study of 
medicine while still engaged in physics. Professor 
D. L. Webster spoke on “Facing Reality in the Teach¬ 
ing of Magnetism,” pointing out that, although phya- 
ics deals mainly with realities, it is often necessary 
in its development to employ concepts that eventuaUy 
prove to be unreal; in magnetism the pole is an 
example. It is a question whether such concepts 
^ould continue to be taught when it is possible to 
avoid them. Professor A. G. Worthing described the 
advantages of the objective tests of the reasoning 
type used at the University of Pittsburgh. The 
multiple-choice type of test is employed. Speaking 
on “Training in Physios,” Dr. W. P. G. Swaiin 
emphasized the importance of teaching thoroughly 
the relatively few fundamental laws of physics, rather 
than attempting to cover the whole field less oompre- 
hensively.—Forty mmbers attended the informal 
dinner held at the Ambassador Hotel on Friday eve- 
ning. 

At tile business meeting it was voted to inatigurate 
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a qtUirtorly jouraal^ The Amerioan Physics Teacher, 
which is to be published by the American Institute 
of Physios under editorial supervision of the Amen* 
can Association of Physios Teachers. 

BBOnON c (chbhistbt) 

(Beport from J, H, Simona) 

Section C held four well-attended sessions jointly 
with the Mid-Atlantic Sections of the American 
Chemical Society. The retiring vice-presidential ad¬ 
dress for the section, by Dr. C. A. Browne (U. S. 
Department of Agriculture), was on “The Sponta¬ 
neous Heating of Hay and Other Agricultural Prod¬ 
ucts.” Dr. Browne gave an extensive history of this 
subject and explained modem theories of spontaneous 
combustion. Twenty-eight contributed papers pre¬ 
sented in many fields of theoretical, descriptive and 
applied chemistry and discussion was at times very 
lively. Among the papers presented was the one by 
Dr. Henry Eyring (Princeton University), on 
“Quantum Mechanics of Conjugate Double Bonds,” 
which won the American Association Prize this year. 
An account of that paper is presented elsewhere in 
this issue of Sciknoe. Professor H. S. Taylor 
(Princeton University) discussed adsorption of hy¬ 
drogen on oxide surfaces and differentiated between 
activated adsorption and adsorption of the van der 
Waal's type. C. E. Locoss and Professor A. W. C. 
Monzies (Princeton University) presented new data 
on the controversial topic of intensive drying as it 
influences certain physical properties. A paper on 
“Heat Capacities of Sixteen Normal Aliphatic 
Bromides” was given by V. Deitz, S. Goldheim and 
Dr. D. H. Andrews (Johns Hopkins University). Dr. 
M. L. Huggins (Johns Hopkins University) showed 
that his calculated values of interatomic and inter- 
molecular distances were in remarkably close agree¬ 
ment with corresponding values obtained by experi¬ 
ment. Professor H. L. Johnston (Ohio State Uni¬ 
versity) presented experimental results showing the 
amphoteric properties of silver hydroxide and the 
existence of AgO** in alkaline solutions. Dr. J. Ben¬ 
nett Hill (Atlantic Refining Company) discussed the 
consumption and production of petroleum products, 
the trends of gasoline manufacture and the desirable 
properties of lubricating oils. Following Dr. Hill's 
paper, Dr. M. B. Fern^e (Pennsylvania State Col¬ 
lege) showed how by means of fractional distilla¬ 
tions Pennsylvania oil could be distinguished from 
oils made up to have the same over-all physical prop¬ 
erties. An improvement in the physical development 
of photographic films and plates was described by 
Dr. A. P, Odell (du Pont Yisooloid Company), who 
l^wed lantern riidea developed in the new way. In 
Mh process devdopment and fixation are performed 


at the same time and the resulting detail is remark¬ 
ably good. “The Mechanism of Birth Shock in the 
Newborn” was the title of a paper by Dr. I. Newton 
Kugelmass (Fifth Avenue Hospital, New York City), 
who described a method whereby the loss of weight 
of human babies after birth could be reduced to a 
minimum. This loss of weight amounts to as much 
as 10 per cent, in human beings but it is much less 
pronounced in the animals studied. 

SECTION D (astronomy) 

{Report from Raymond S. Dugan) 

Section D held four Besaions, from December 27 to 
29, jointly with the American Astronomical Society. 
A group of papers headed by the address of the re¬ 
tiring vice-president of Section D, Dr. J, H. Moore, 
on “Solar Eclipse Problems,” reviewed what had been 
learned during the few minutes of cloudless totality 
vouchsafed to itinerant astronomers. All agreed that 
the beginning of totality of the eclipse of August 31, 
1032, was several seconds later.than the prediction, 
and the discussion emphasized the necessity of agree- 
ment on what we mean by the beginning of totalit>^ 
The Lick Observatory expedition, at Fryeburg, 
Maine, encountered only moderate interference from 
clouds and secured excellent negatives of the flash 
spectrum on moving films. An outstanding picture 
of the corona was secured by the Georgetown Uni¬ 
versity expedition, while the observers from North¬ 
western University obtained interesting data on 
temperature change at various heights above the 
ground. A film taken from a naval airplane showed 
the gradual darkening of the landscape as the shadow^ 
deepened.—Reports of the Leonid meteors of 1932 
were given by Professor C. P. Olivier, director of the 
American Meteorological Society, and by P. M. Mill- 
man for the Harvard stations. On the morning of 
November 16, 430 meteors were observed visually at 
Oak Ridge, Cambridge, and ten of them were caught 
with cameras. The trails of two of these were inter¬ 
rupted by a synchronous shutter, with which the 
camera was equipped, and will give very accurate 
data concerning velocities. Five of the photographs 
are spectrograms, the first ones of Leonids ever se¬ 
cured. Dr. F. A. Melton and Dr. William Sohriever 
showed some very convincing, photographs taken from 
the air, of many elliptical scars in North Carolina 
an4. South Carolina, with parallel axes averaging 
nearly a half mOe in length. These soars were 
attributed to the impact of a swarm of meteorites 
some four hundrold miles in diameter.—^In photometry, 
Dr, C. T, Elvey and J. 8. Hall described their work 
witlf the photoelectric photometer, the former in 
measuring the intensity and outline of the gegen- 
achein, the latter in observing stars in the infra-red. 
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A paper by Dr. Cecilia H. Payne showed the im¬ 
portance and difficulty of standardizing photographic 
photometry. In spectroscopy. Dr. V. M. Slipher 
presented further studies on the light from the sky 
itself; it is now possible to distinguish between scat¬ 
tered light from the stars, auroral light and what the 
author calls ^^oosmical radiation.’* Among the papers 
from Mt. Wilson was one by Adams and Dunham, 
describing their failure to find any evidence of oxygen 
on Mars, thereby setting a lower limit for the oxygen 
content of the atmosphere of that planet.—About 
eighty persons attended and for the most part stood 
faithfully by throughout the sessions. A lecture by 
Dr. Harlow Shapley on *‘Fact and Fancy in Cosmog¬ 
ony” was given at one of the association’s general 
sessions, and Dr. Henry Norris Russell gave the 
Hector Maiben Lecture at another general session, on 
“The Constitution of the Stars.” 

SECTION E (geology AND GEOGRAPHY) 

(Report from Kirtley F. Mather) 

Section E held one session on Tuesday, in conjunc¬ 
tion with the Geological Society of America. None 
of the other associated organizations related to this 
section were in session in Atlantic City, and the prin¬ 
cipal meeting of the Geological Society was held in 
Cambridge, Massachusetts, from December 28 to 30, 
but about thirty-five geologists and geographers at¬ 
tended the joint session in Atlantic City and ten 
papers were presented on the program. Professor 
W. H, Hobbs (University of Michigan), vice-president 
for Section E, presided. The address of the retiring 
vice-president, Professor Douglas Johnson (Columbia 
University) was entitled “The R61e of Analysis in 
Scientific Investigation.” Abstracts of all papers 
presented are to be published in the March issue of 
the Bulletin of the Geological Society of America .— 
Several geologists participated in a symposium on 
“Pleistocene and Recent Changes of Level along the 
North Atlantic Coast.” Professor Thomas C. Brown 
(Fitchburg, Massachusetts) presented data indicating 
that the southward inclination of glacial lake terraces 
in central Massachusetts is less than two feet per mile 
and therefore does not correspond with the usual 
interpretation of the shore features along the coast 
of Massachusetts, New Hampshire and Maine. Mr. 
H. A. Manner (U. S. Coast and Geodetic Survey) 
described the methods used by that organization in 
determining mean sea-level and emphasized the neces¬ 
sity for long-continued observations in order to ex¬ 
clude the large fluctuations due to atmospheiio 
conditions. Professor William F. Cheney, Jr. (Con¬ 
necticut Agricultural College) reported on statistical 
investigations of sea-level determinations which in¬ 
dicate that the Atlantic coast is rising in the vicinity 


of Portland, Maine, at a rate of approximately half 
a foot per century, is sinking at a rate of a few inches 
per century in the area between Boston and the 
southern tip of New Jersey, and is rising in the 
vicinity of Charleston, South Carolina, at a rate of 
slightly more than a foot per century. 

SECTION F (zoological SCIENCES) 

(Reports from Geo. T. Margitt, William H. Cole, H. 

B. Hunger ford, A. I. Bourne, Horace W. 

Stunkard) 

Section F met jointly with the American Society 
of Zoologists on Wednesday, Thursday and Friday. 
On Thursday afternoon Section F adopted a resolu¬ 
tion recognizing the great prospective value of a pro¬ 
posed compendium of methods for rearing and main¬ 
taining invertebrates, and endorsing a cooperative 
effort among zoologists toward the making of such a 
compendium. A committee, consisting of Professor 
J. G. Needham (Cornell University), Dr. F. E. Lutz 
(American Museum of Natural History, New York 
City) and Professor Paul S. Welch (University of 
Michigan), was named to consider ways and means 
and to further this project. The committee was 
authorized to add to its personnel. 

On Thursday evening a dinner for all zoologists 
was attended by a hundred and fifty persons, follow¬ 
ing which was delivered the address of the vice-presi¬ 
dent for Section F, Dr. Charles Zeleny (University 
of Illinois), who spoke on “Genetics and Embryol¬ 
ogy.” The address of Dr. Zeleny is to ‘ appear in 
Science. —This was the thirtieth annual meeting of 
the American Society of ISoologists, held from Decem¬ 
ber 28 to 30, inclusive, with the largest attendance for 
several years. The program consisted of 213 papers, 
of which 76 were to be read, 17 were to be demon¬ 
strated and 120 were to be read by title. On Wed¬ 
nesday morning two simultaneous sessions were held, 
one in physiology and the other in embryology, with 
attendance of 70 and 100, respectively. Wednesday 
afternoon was devoted to the 17 dmnonstrations, in¬ 
cluding Dr. Robert Chambers’ motion pictures of the 
developing sea-urchin egg. Due to the smallness of 
the room, this part of the program was not wholly 
satisfactory to all. At 4:30 on Wednesday, at a 
general session of the A. A. A. S., Dr. Carl C. Speidel 
gave an address on growing nerves, illustrated by 
motion pictures. The annual Biologists’ Smoker was 
held on Wednesday evening, at the Ambassador Hotel, 
with about 500 in attendance.—Sessions for Physiol¬ 
ogy and Cytology were held on Thursday morning, 
with attendance of 130 and 100, respectively. At the 
afternoon business meeting a new constitution was 
adopted, 44 new members were elected and the fol¬ 
lowing new officers: President, Charles Zdeny; vioe* 
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preaideni, 3. H. Bodine, A special conunittee ia to 
4X)nside(r during the coming year the important ques¬ 
tions of future policy of the society and changes in 
its organisation. A resolution urging the appointment 
of a ^'person of proved scientific and practical ac¬ 
quaintance with the fisheries, regardless of the politi¬ 
cal party in power” was adopted. Following the 
business meeting sessions in physiology and miscel¬ 
laneous subjects were held, with 150 and 30 in at¬ 
tendance.—On Friday morning the largest and most 
active session held by the society in recent years was 
devoted to a symposium on "Embryonic Determina¬ 
tion,” with invited papers by Dr. E. Q. Conklin, Dr. 
E. G. Harrison, Dr. D. H. Tennent and P,-Weiss. 
Over 200 persons attended and each paper was fol¬ 
lowed by a lively discussion. In the afternoon the 
Zoologists joined with the Naturalists, who had ar¬ 
ranged a symposium on "Heredity and Evolution in 
Relation to Man.” 

The Entomological Society of America held its 
twenty-seventh annual meeting on Wednesday and 
Thursday. Thirty-four papers, dealing with research 
work in many phases of entomological study, were 
presented, some dealing with quite new fields of inves¬ 
tigation. The annual address was given by Dr. J. M. 
Swaine, Dominion Entomologist (Ottawa, Canada), 
on "The Influence of Insect Life on Forest Develop¬ 
ment.” An afternoon was devoted to a symposium 
on the influence of civilization on the insect fauna 
of North America. Forest regions, industrial regions, 
cultivated areas and purposeful introductions were 
considered by Dr. 8. A. Graham (University of Michi¬ 
gan), Professor P. W. Clsassen (Cornell University), 
Dr. E. C. Bmith (Kansas State College) and H. S. 
Smith (University of California), respectively. Ac¬ 
tivities of civilized man were shown to have had a 
mighty influence on the insect population, increasing 
some species to destructive outbreaks in forests and 
fields and reducing others to a marked degree. In 
each case other living things, both plant and animal, 
were shown to have been very greatly influenced. 
Analysis of results following the introduction of 
parasites to reduce destructive insects emphasized the 
importance of anticipating probable consequences 
when any new insect factor is to be added to an 
environment.—^Among papers of the general program 
that attracted special interest were a demonstration 
of radioactive lead arsenate in insect tissues, by Dr. 
David E. Fink (Takoma Park, Maryland), and an 
illustrated discussion of ultra-violet patterns in but¬ 
terflies, by Dr, Frank E. Lute and Richard Bur- 
Ungame (American Museum of Natural History, New 
Tork City). It appears that the appearance of but¬ 
terflies to one another is very different from their 
appearance to man.—This meeting of the Entomologi¬ 


cal Society was presided over by President J. J. 
Davis. Officers elected for 1933 are: President, E. E. 
Snodgrass; first vice-president, W. B. Herms; second 
vice-president, C. H. Richardson; secretary-treasurer, 
H. B. Hungerford. 

The American Association of Economic Entomolo¬ 
gists and its sections convened in the Viking and 
Tower rooms of the Haddon Hall Hotel, where the 
accommodations were excellent. The attendance was 
approximately 176. The Section on Plant Quaran¬ 
tine opened its program on Wednesday morning and 
continued throughout the day, the Section on Apicul¬ 
ture met on Thursday afternoon and the Extension 
Entomologists held their session on Friday morning. 
General sessions were held on Thursday and Friday. 
Many papers of timely interest were presented and a 
series of invitation papers were devoted to the present 
status of the codling moth problem. This association 
was shown to be in a healthy financial condition; 50 
new members were added and approximately the some 
number were advanced from associateahip to active 
membership. Officers elected were: President, Dr. W. 
E. Hinds (Baton Rouge, Louisiana); secretary, A. 1. 
Bourne (Amherst, Massachusetts). 

The American Society of Parasitologists held its 
eighth annual meeting on Wednesday, Thursday a^d 
Friday, under the presidency of Dr. Maurice C. Hall 
(U. S. Bureau of Animal Industry), The program 
contained 76 titles, contributed by 88 members, and 
49 of the titlw announced were presented either orally 
or by demonstration. Four sessions were devoted to 
the reading of contributions, arranged according to 
subject-matter. Seventeen papers dealt with suscepti¬ 
bility and resistance to parasitic infestations and 
others dealt with the morphology, cytology, physiol¬ 
ogy, development, life history, bionomics and control 
of various groups of protozoan, helminth and insect 
parasites. In the address of President Hall, entitled 
“Is Parasitology a Science t”, an incisive analysis of 
the domain and methods of science was presented, 
showing the place of parasitology in the biological 
field; the speaker urged the increasing application 
of scientific methods to economic and social problems. 
The presidential address was followed by a demonstra¬ 
tion session, at which refreshments were served. The 
demonstra;tion program permits the presentation of 
many researches simultaneoujfly, facilitates informal 
discussion between investigators and introduces a 
valuable personal and social feature. The annual din¬ 
ner of this society was held on Wednesday evening, 
followed by a business session. In the year just 
closing the society had become incorporated and the 
Journal of Parasitology had been generously trans¬ 
ferred to it by Professor Henry B. Ward, now per¬ 
manent secretary of the American Association. This 
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floe gift was appropriately acknowledged, and Dr. 
W. W. Coit, ehairman of the editorial conunittee^ 
reported for the committee and the editorial board. 
A vote of appreciation was given to the retiring 
flacretary-treasurer, Dr. Norman R. Stoll. The follow¬ 
ing officers were elected for 1933: President, William 
H Taliaferro; vice-president, F. C. Bishopp; secre* 
tary, H. W. Stunkard; freafiMrer, Justin Andrews; 
council members for four years, N. R. Stoll and H. E. 
Meleney. 

SECTION G (BOTAKICAL SCIENCES) 

{Reports from S, F. Trehase, G. S, Avery, J. M, 
Arthur, N, M. Grier, W* A. Whitney, 

Harry M. Fitepairick) 

Section O met on Tuesday afternoon, in joint ses¬ 
sion with associated societies. Dr. E. D. Merrill de¬ 
livered the retiring vice-prcsidential address for 
Section G, his subject being the interrelations between 
crops and civilizations. This address was followed by 
a memorial program celebrating the centenary of 
Julius von Bachs (1832-1897). Following introduc¬ 
tory remarks by Dr. A. F. Blakeslee (presiding in 
the absence of Dr. H. L. Shantz), a paper by Dr. 
D. H. Campbell, on the Sachs text-book and its in¬ 
fluence on botany in America, was read by Dr. G. J. 
Peirce. Dr. R. H. True spoke on “Sachs, the Man 
and the Teacher.” Dr. C. E. Allen characterized 
Sachs as the last of the botanical epitomists. Ail 
these addresses are to be published in an early issue 
of the Bulletin of the Torrey Botanical Club, 

The Botanical Society of America held a very suc¬ 
cessful meeting from Wednesday to Friday, with a 
membership attendance of over 200. The three ses¬ 
sions of the general section included a wide range of 
topics. Dr. G. H. Smith discussed the differentiation 
of mesophyll in deciduous trees. LaDema M. Lang- 
don described fertilization, endosperm formation and 
stages of embryogeny for Carya and Juglans, as did 
Dr. E. Artschwager and Ruth C. Starrett for Beta 
vulgaris, emphasizing the time factor. Professor Q. 
S. Avery, Jr., described marked increase in size of the 
upper leaves due to increase in size of all fundamental 
^ue cells caused by the “topping” of tobacco. 
Katherine Esau found that curly-top induces phloem 
degeneration in Beta vulgaris. Dr. E. B. Matzke em¬ 
phasized the radial and bilateral symmetry of ten-, 
flve^ and three-stemmed flowers of Stellaria media and 
the importance of unfavorable nutrient conditions in 
causing androccial reduction. Professor D. S. John¬ 
son reported on symmetry and curvatures of the 
sporocarp in MarsUea and Pilularia, Sister Mary 
O'Hanlon reported on a symbiotic fungus in the 
thalli of eight species of Marchantia, Dr. M. T. Cook 
discussed morphogenetic TesponseB of certain dicoty¬ 


ledonous roots to invasion by nematodes. Tiat cer¬ 
tain Atyxophyceae may tolerate temperatures as 
as 862* C. was reported by J. J. Copeland, and 
thermal tolerance was suggested as a primitive char¬ 
acter. Dr. B. M. Duggar and A. Hollaender found 
that the virus of tobacco mosaic was more resistant 
than certain bacteria and bacterial spores to mono¬ 
chromatic ultra-violet radiation. R. P. Wodehouae 
presented an “oil drop” theory of pollen-grain pattern 
formation. G. S. Torrey described his use of stereo- 
miorophotography in botanical teaching. Wanda K. 
Farr demonstrated divisions of the epidermal layer 
of the cotton ovule after flowering, and suggested that 
daughter cells of such divisions may take part in the 
formation of fibers. The appearance, during stratifi¬ 
cation, of a fungus in the seed coats of Symphori- 
carpos rcbcemosHs and the time of differentiation of 
the floral axis in Gladiolus were described by Dr. 
Norma E. Pfeiffer. G. L. Church and Dr. E. C. 
Jeffrey noted the universal presence of polyploidy 
and sterility in several varieties of onions. They also 
reported chiasmatypy in a large number of somatic 
cells in plants, similar to that of the meiotio divisions. 
In meiosis in pollen-mother cells of Digitalis ferru- 
ginea, Sarah F. Wentzel showed the minute chromo¬ 
somes retaining their individuality throughout the 
maturation divisions. Dr. I, J. Condit found that the 
diploid number of 26 chromosomes is constant in 31 
additional species of Ficus of New or Old World 
origin. Development of the megagametophyte, endo¬ 
sperm formation and embryogeny in Eragrostis major 
were described by Dr. E. L. Stover. Dr. F. A. Varrel- 
man described transitions between true stamens and 
carpels of stamen origin in Malus spectabilis — 
Twenty-eight papers were presented during three very 
interesting sessions of the Physiological Seeftion of the 
Botanical Society and many of them provoked ani¬ 
mated discussion. Dr. J. N. Spa^, Alice M. Ander¬ 
sen and Florence Flemion presented five papers on 
seed germination. W. H. Tharp told of the produc¬ 
tion of more permeable seed-coats of barley by grow¬ 
ing the plants in moist cages. Dr. W. E. Loomis dis¬ 
cussed the daily growth of maize in relation to light 
and water supply. Professor 0. L. Inman and Paul 
Rothemund described the decomposition products of 
chlorophyll isolated from the stomach contents of cows 
and sheep. Wanda K. Farr discussed the production 
of abnormal cotton fibers in relation to pressure varia¬ 
tions wHhin the boll. Dr. D. I. Maoht told of the 
toxicity of diseased Wood serum for the growth of 
lupine seedlings. L. P. Miller found that many com^ 
pounds effective in forcing potato tubers increased 
respiration, without relation to increase in sugar con* 
tent. 0. W. Richards stated that considerable study 
of yeest cell division failed to reveal mitotic divislcn^ 
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Dr. A. W. Barton diaouseed the acidity of com juices. 
Dr. J.I S. Cooley and J. H. Crenahaw reported that 
wound dressings on apple trees, not usually toxic in 
the spring and summer, produced killing of tissue in 
the fall and winter. N. C, Thornton, describing effect 
of COjt on fruits and vegetables in storage, reported 
that high concentrations cause increased respiration 
in some tissues and decreased respiration in others; 
CO^ was found to produce increased alkalinity of 
tissues. Evidence was presented by J. J. Copeland 
that certain strains of blue-green algae fix molecular 
nitrogen. Professor A. J. Heinicke discussed the in¬ 
fluence of COg supply, light, spraying and ringing 
upon photosynthesis in attached apple leaves. Dr. 
A. E. Ilitcbeook, Dr. William Crocker, Dr. P. W. 
Zimmerman, Professor C. G. Deuber and E. H. Wal¬ 
lace presented five papers on the toxic and anesthetic 
effects of various gases. The first three speakers 
showed slides and motion pictures illustrating the 
effects of carbon monoxide in stimulating the produc¬ 
tion of roots on stems and in anesthetizing plants. 
K. H. Wallace stated that neither ether nor chloro¬ 
form would stop photosynthesis, except in lethal con¬ 
centrations. Dr. F. E. Denny and Dr. J. M. Arthur 
presented the two concluding papers. Officers of the 
Physiological Section for 1933 were elected as fol¬ 
lows: Chairman, L. Elnudson; vice-^chairman, J. M. 
Arthur; aecretary-treasurer, E. F. Hopkins; represen¬ 
tative, National Reseofrch Council, E. N. Transeau 
(alternate, F. E. Denny),—The session of the Sys¬ 
tematic Section of the Botaxiical Society was devoted 
to a symposium on objectives and methods in field 
work. Dr. E. D. Merrill emphasized the importance 
of compiling for this purpose data in fields other than 
botany, such as information pertaining to economic 
uses and local names. K. A. Byerson discussed the 
objectives of the plant exploration work of the U S. 
Department of Agriculture. Dr. E. T. Wherry elabo¬ 
rated the case of the box huckleberry as an illustra¬ 
tion of the need of field work. Dr. F. W. Pennell 
showed the necessity of revising by field study all the 
herbarium concepts inherited from the past. A paper 
by Professor 0. E. Jennings on cryptogams and field 
work concluded the symposium. On Thursday, fol¬ 
lowing an illustrated lecture by Professor M. A. 
Chrysler, on the vegetation of the New Jersey pine 
barrens, a party of 22 spent most of the day on a 
field trip to those barrens and neighboring coastal 
marshes, Friday morning's session was mostly de¬ 
voted to papers on the agrostology of Yucatan, and 
of Eastern Asia compared with Eastern North 
America, by J. E. Swallen and Y. U Keng, respec- 
tit^. Professor A. 8. Hitchcock commented upon 
TWCent progress in American agrostology. Note was 
tilm of a botanical map of Quebec by Fr. Marie- 


Viotorin. Dr. C. R. Ball criticized certain trends in 
systematic botany. Alfred Behder was elected chair- 
man and C. A. Weatberby secretary of the Systematic 
Section. 

The annual dinner for all botanists was held on 
Thursday evening, with an attendance of 230, Presi¬ 
dent G. J. Peirce presided, and the retiring president, 
Dr. C. J. Chamberlain, delivered his address on the 
phylogeny and geographic distribution of the cycads. 
The address, illustrated with colored slides, included 
a witty and interesting account of field studies extend¬ 
ing through many years. Announcement was made 
of the election of the following officers of the Botani¬ 
cal Society for 1933: President, E. J, Kraus; vice- 
president, G. E. Nichols; secretary, L. C. Petry; 
treasurer, H. A. Gleason; member, editorial board, 
American Journal of Botany, C. E. Allen. 

The twenty-fourth annual meeting of the American 
Phytopathologioal Society was held from December 
28 to 30. Nearly two hundred members were present 
and 112 papers were presented in eleven sessions. 
There were joint sessions with Section G, A, A. A. S. 
(the Julius von Sachs Memorial Program), and with 
the newly formed Mycological Society of America. 
The following officers were elected; J, C. Arthur, 
president; N. E, Stevens, vice-president; Carl Hart¬ 
ley, councilor. F, C. Meier, secretary-treasurer, and 
H. B. Humphrey, editor-in-chief r^f Phytopathology, 
continue. Forty-seven new members were elected, 
bringing the, total membership now to 827.—The con¬ 
tributions presented at this meeting may be classified 
according to subject as follows: Diseases of miscel¬ 
laneous crops (2 sessions), 15 papers; virus diseases 
of tobacco, 10 papers; soil treatment, seed treatments 
and sprays, 12 papers; diseases of forest trees, 9 
papers; virus diseases, 11 papers; diseases of orna¬ 
mentals, 11 papers; diseases of cereal crops (2 ses¬ 
sions), 20 papers; diseases of deciduous and small 
fruits, 13 papers; vegetable diseases, 11 papers. At 
the annual conference on extension work in plant 
pathology (held on December 28 under the chairman¬ 
ship of E. J. Haskell) about 50 specialists took part 
in discussions of the following topics: use of lantern 
slides, film strips, motion pictures, photographic en¬ 
largements, colored plates and specimens with demon¬ 
strations and exhibits; use of radio (with demonstra¬ 
tion), planUdiflease schools and study classes, plant 
clini^ farm-and-home week programs, contests and 
clubs, agricultural trains and plant-disease surveys as 
a method of teaching.—A session on “The Outlook 
for Plant Pathology under Present Conditions,” 
under the chairmanship of Professor H. H. Whetael, 
considered changes in extension methods to meet 
changed economic conditions, the effect of present 
economic conditions on the prevalence of some plant 
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diseases.—On Deoember 28 was held the annual din¬ 
ner, entertainment being furnished under the auspices 
of the pathologists of New Jersey, New York, Dela¬ 
ware, Pennsylvania and Harvard University.—Ten 
new or little known plant diseases were reported at 
this meeting: crown gall on Carnegiea gigantea (by 
Dr. Michael Levine); a sterile, but fungus-like, leaf 
spot on pineapple (by Dr. Melville T. Cook); a new 
Bclerotial fungus from Texas (by D. C. Neal and R. 
W. Wester); a brooming of Eobinia paeudoacacia (by 
Dr. Carl Hartley and L. W. R. Jackson); a Nectria 
canker of basswood (by D. 8. Welch); Nectria coc- 
cinea on beech (by John Ehrlich); fig mosaic in Cali¬ 
fornia (by Dr. Ira J. Condit and Professor Wm. T. 
Horne); a new necrogenic virus disease of potatoes In 
California (by E. S. Schultz and W. P. Raleigh); a 
Cytospora canker of Picea (by C. J. Qilgut and Dr. 
0. C. Boyd). Other scientific contributions included 
descriptions of the perfect stages of Sclerotium 
gladioli (by Dr. F. L. Drayton) and of S, oryzae (by 
E. C. Tullis); the production of a fertile saltant of 
Helminthoaporium sativum by ultra-violet irradiation 
(by Dr. F. J. Greaney and Dr. J. E. Machacek); 
acquired immunity to mosaic and spot necrosis in 
tobacco (by J. M. Birkeland); the toxicity of mer¬ 
curic chloride-potassium iodide solutions (by W. P. 
Raleigh); the genetics of Sphacelotheca aorghi and 8, 
cruenta (by Dr. H. A. Rodenhiser); the pathology of 
crosses between the loose and covered barley-smut 
fungi (by Dr. H. A. Rodenhiser and B. F. Barnes) j 
the oocuirenoe of apple scab on stored fruit (by C. 0. 
Bratley); the virus diseases of dahlia (by Philip 
Brierley); Sphaceloma on sweet violets (by Professor 
L, M. Massey, Dr, R. P. White and Dr. A. E. Jenk¬ 
ins) ; a new fruit spot associated with apple measles 
(by Anthony Berg); bacterial cankers of Prunua in 
California (by E. E. Wilson ); a tuber rot of potatoes 
caused by Botrytia dinerea (by Dr. Donald Folsom); 
and a bacterial blight of broad beans in Louisiana 
(by L. H. Person). Abstraots of the papers on the 
program of ^is meeting are printed in the January 
number of Phytopathology. 

The ninth annual meetng of the American Society 
of Plant Physiologists, under the presidency of Pro¬ 
fessor D. R. Hoagland, was alternated with the ses¬ 
sions of the Physiological Section of the Botanical 
Society of America. Twenty-five papers were pre¬ 
sented in the regular sessions of the society and 24 
papers in joint sessions with Section G, the American 
Society for Horticultural Science and the Ecological 
Society of America, At the Plant Physiologists* din¬ 
ner on Friday evening President Hoagland spoke on 
“Plant Physiology Problems,** and Dr. W. W. Gamer 
delivered the Stephen Hales address on “Response 
of Ifong-day and Short-day Plants to Relative Length 


of Day and Night*’ Professor Charles F. Hottes was 
elected Charles Reid Barnes life member of the 
society, and Dr. H. B. Vickery was awarded the 
Stephen Hales prize for outstanding contributions to 
the science of plant physiology, for his work on 
plant proteins. At the first session Professor J. N. 
Martin reported that most of the root reserves in 
sweet clover are stored in September after top growth 
is completed. K. H. Burnett and Dr. W. E. Loomis 
found that translocation from com leaves was much 
more rapid in the afternoon than at night. J. D. 
Hartman emphasized the inverse lelationship of 
turgor pressure and rate of cell wall hardening in 
determining the form of potato sprouts. Dr. F. M. 
Andrews reported on a technique for studying the 
viability of pollen. M. W. Parker found that the 
water soluble polysaccharides that form an important 
portion of sweet com kernels resemble beta amylose. 
Dr. F. J. Veihmeyer and Dr. A. H. Hendrickson pre¬ 
sented the results of extensive experiments showing 
that the wilting coefficient is a constant property of 
the soil and is not significantly affected by the species 
or condition of the plants used for its determination. 
At the Friday morning session Professor D. R. Hoag¬ 
land and T. C. Broyer showed that accumulation of 
diffusible ions within a plant tissue is dependent upon 
the carbohydrate and oxygen supply of the tissue and 
has the temperature coefficient of a chemical reaction. 
Evidence that a quantum of blue light is as efficient 
in photosynthesis as a quantum of red light was pre¬ 
sented by G. R. Bums. E. S. Johnston reported that 
normal tomato plants could be grown in light from 
which the infra-red waves had been removed. A close 
correlation between growth in com and the total 
chlorophyll content of the plant was found by Pro¬ 
fessor H. B. Sprague and Normal Curtis. Dorothy 
A. Francis reported injury to plants by x-rays, but 
Professor C. A. Shull found that by the use of suit¬ 
able filters and short exposures it was possible to 
obtain a stimulating effect. A passive r61e in water 
absorption was assigned to the roots of plants by Dr. 
P, J. Kramer, The thermal conductivity of oats in¬ 
creases with the moisture content, but is always very 
low, according to Dr. A. L, Bakke and Professor 
Harold Stiles.—^At the joint session with the Ameri¬ 
can Society for Horticultral Science, H. B. Tukey 
reported that when the abortive embryos of early 
varieties of cherries are transferred to a suitable 
nutrient medium they develop into normal seedlings 
without going through a rest period. High winter 
temperatures were found by Dr. Lee M. Hutchins 
to be the cause of prolonged dormancy in southern 
peach trees. Dr. W. E, Loomis pointed out that 
factors that change the course of plant development 
also alter the balance between growth and differentia- 
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tion. Dr. Walter Thomas showed that the ratios be¬ 
tween natrients applied, nutrients recovered and 
effect on growth of apple might vary widely and 
pointed out the relation of his results to the 
philosophy of Holism. Dr. W. R. Robbins reported 
that sweet potatoes grown with deficient K showed 
less cambial activity and had a high length-diameter 
ratio. Results indicating that temperature factors are 
dominant over photoperiodism in the seeding of 
celery, cabbage and beets were reported by Professor 
H. C. Thompson. Dr. F. S. Brackett described the 
apparatiis used at the Smithsonian Institution for 
studying photosynthesis and showed preliminary re¬ 
sults on light and CO, studies which closely followed 
Blackman’s law of limiting factors. 

The newly organized Mycological Society of 
America held its first meeting, on December 28, 29 
and 30, with Dr. Wm. H. Weston, Jr., presiding. A 
constitution was adopted and arrangemeJits were made 
with the New York Botanical Garden for the publica¬ 
tion of Mycologia, the official organ of the new 
society. The officers elected are: President, C. L. 
Shear; vice-president, C. W. Martin; councilors, H. 
S. Jackson and C. R. Orton; secretary-treasurer, 
H. M. Fitzpatrick; editors, G. R. Bisby, H. M. Fitz¬ 
patrick, E. B. Mains, F. J. Soaver, J. A. Stevenson 
and F. A. Wolf. The editor-in-chief for 1933 is 

F. J. Seaver. The naming of a historian was author¬ 
ized. The vice-president is empowered to arrange for 
a summer meeting, which is expected to be primarily 
a fungus-foray.—On Wednesday afternoon the 
Mycological Society met in joint session with Section 

G, and on Thursday morning with the American 
Phytopathological Society. The Thursday afternoon 
session was devoted to the presentation of papers 
chiefly on the various aspects of sexuality in fungi. 
The papers on Friday morning were mainly on the 
Phycomycetes, while Friday afternoon’s program was 
of a more miscellaneous character. Forty papers 
were given. A motion picture illustrating the life 
cycle of the Myxomyoetes was shown by Dr, F. L. 
Howard, and Professor A. H. R. BuUer and Dr. J. H. 
Craigie (University of Manitoba) showed photo¬ 
micrographs of hand sections through living pycnia 
of Puccinia, showing fusion of pyoniospores with 
trichogynooB hyphae. 

fBOOHSKS BBLATSD TO BOTH SEOTtOK F AND 
SECTION 0 

{Reports from J, W. Gowen and E, W. Lindstrom, 
Raymond Kienhols, W. P. Whiting, James E, 
Ackert, A. I. Ortenhurger) 

The Biologista’ Smoker, sponsored by the American 
ISooiety of Naturalists in conjunction with the Ameri- 
ean Society of Zoologists, the Botanical Society and 


the Genetics Society, was held on Wednesday evening 
at the Hotel Ambassador, where a group of four 
hundred or more seemed to find the Pompeiian Grill 
Room a congenial place to renew acquaintances and 
talk over biological problems. The annual symposium 
of the American Society of Naturalists, on “Heredity 
and Environment in Man,” was held on Friday after¬ 
noon with an attendance of approximately 250. Dr. 

H. H. Newman presented his critical evidence on 
the resemblances and differences of ten pairs of 
identical twins reared apart, in contrast with twins 
reared together. Body weight, general health and 
strength, condition of the teeth, mental and tempera¬ 
mental ratings were about twice as uniform in twins 
reared apart as in fraternal twins brought up to¬ 
gether. From these facts it is concluded that, under 
such circumstances, the hereditary constitution re¬ 
ceived by each twin of the pair had about twice the 
effect of the differences in the environment in de¬ 
termining these characteristics. Dr. Barbara S. Burks 
presented a resumd of evidence for the relative effects 
of heredity and environment taken from studies on 
children in orphanages and elsewhere. As with the 
ancient Greeks, the modem evidence showed that 
human abilities cluster in family groups; that absence 
from school may depress tests for mental ability, 
but that ordinary environmental differences do not 
alter it; that differences between rural and urban 
intellects are to be attributed to the drainage of the 
mentally able from one locality to another, and 
finally that the home environment is closely related 
to the intellect of the family. Dr. A. Weinstein de¬ 
livered a brilliant and searching analysis of facts and 
foibles in our present handling of human genetic 
problems, A fourth paper, by Dr. L. Hogben, on 
“Some Methodological Aspects of Human Genetics,” 
was read only by title, but it will be published in 
the symposium scries.—The following named officers 
of the American Society of Naturalists for 1933 were 
elected: B. E. Livingston, president; E. V. Cowdry, 
vice-president; M. Deraerec, treasurer; E. W. Lind¬ 
strom, secretary. Dr. A. Banta was appointed chair- 
^man of a special committee to cooperate with the 
vice-president in arranging a special semi-centennial 
program for the next annual meeting. Thirty-seven 
new members were elected.—The annual Naturalists’ 
Dinner was held on Friday evening, with President 
R. A. Qortner presiding. Dr. Gortneris presidential 
address “Others,” which will be printed in Soienob 
shortly, was a forceful and penetrating analysis of 
relations betweefl man and his natural resouroes; 
paziicularly with respect to his mineral resources, 
mantis wastefully throwing away his heritage. 

The Ecological Society of America, under the 
presidency of Dr. George E. Nichols, held sessions 
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on Wednesday^ Thursday and Friday. On Wednaa* 
day morning the ecological diagnosis of types of com, 
the relation between yield of com and environmental 
factors, the effect of vegetative cover on soil erosion 
and the vegetation of the Sonoran Desert were con¬ 
sidered. The Wednesday afternoon session was de¬ 
voted to papers on hydrobiology and aquiculture, 
with special reference to coastal waters. Among the 
topics presented was the interesting role of copper in 
the setting and distribution of the oyster; in brackish 
water a colloidal precipitate of copper oxychloride 
after ingestion initiates the attachment of the oyster 
larva after an average latent period of four minutes 
and twenty seconds. A brief account of the plans of 
the new hybrobiological laboratory of the State of 
Maryland, at Solomon^s Island, in the lower Chesa¬ 
peake Bay, was of general interest. Supplemental 
to this program was a held trip on Saturday to the 
oyster beds of Delaware Bay.—The ecologists^ dinner 
was held on Wednesday evening, followed by the 
illustrated address of President G. E. Nichols, on 
^Thotographic Records of Changes in Vegetation.” 
Those attending the joint session with the American 
Society of Zoologists Kstened to a discussion of the 
distribution of amphibians and reptiles in the faunal 
areas of southern Arizona. It was shown that great 
variations in the vigor and fecundity of chinch bugs 
from year to year may be as responsible as are 
climatic fluctuations for their variation in numbers. 
A method of marking living snakes and unique data 
obtained thereby regarding their wanderings were 
presented. In the joint session with the Botanical 
Society of America papers on the following topics 
were given: effect of soil salinity on vegetation, in¬ 
vasion of grass range by shrubs when overgrazed, a 
new black porous-porcelain sphere for estimating dry¬ 
ing influence of sunshine, spherical versus horizontal 
plane surfaces for measunng radio-atmometric effects, 
the edge of the forest in Alaska and reasons for its 
position as suggested by pollen analysis of near-by 
bogs, and epharmony in a New Zealand JBwbtw. The 
last mentioned paper has been sent by Dr. Leonard 
Cockayne, of New Zealand. The Ecological Society 
voted that a letter of greetings and appreciation be 
sent to Dr. Cockayne. A symposium on “Some 
Aspects of Forest Succession” included discussions 
by Dr. W. S. Cooper, Professor L. Q. Romell, Dr. 
H. L. Shirley, Professor H. J. Lutz and P. B. Seal's. 
A joint session with the American Society of Plant 
Physiologists and the Society of American Foresters 
was devoted to forest physiology and ecology. 
Among the subjects discussed were: the physiological 
activity of evergreens and green twigs in winter, the 
complementary effects of radiation and nitrogen in¬ 
tensities on growth of pine seedlings, relation of soil 


temperature to root development of pine seedlings, 
the reaction of chestnut bark to the blight disease, 
the distribution of Scotch broom in Virginia. An 
interesting field trip to the New Jersey pine barrens 
and plains was taken on Saturday.—The following 
are the officers for 1933: E. B. Powers, president; 
H. C. Hanson, vice-president; Raymond Kienholz, 
secretary-treasurer. C. F. Korstian was appointed 
associate editor of Ecological Monographs. 

The Genetics Society of America, formed from the 
Joint Genetics Sections of the American Society of 
Zoologists and the Botanical Society of America 
(which have presented programs at recent annual 
meetings of the A. A. A. S.), held its first meeting 
at Atlantic City. Twenty-one papers were presented 
at the regular sessions, while an equal number were 
read by title and five were given by demonstration. 
A symposium on “The Progeny Test as a Means 
of Evaluating the Breeding Potentialities of the In¬ 
dividual” consisted of papers by Dr. H. D. Goo dale 
and Dr. L. E. Eirk, which stimulated considerable 
discussion. One of the regular sessions was mainly 
devoted to chromosome analysis, including oytological 
studies by Dr. Edwin B. Helwig and H. Irene Corey, 
with genetic phases presented by Dr. Alexander 
Weinstein and Professor E. W. Lindstrom. A ses¬ 
sion devoted largely to the gene included papers on 
genic variability, multiple allelomorphs and the action 
of genes in development. A noteworthy contribution 
at this session was that of Dr. John W. Gowen and 
Elizabeth H. Gay, on “Gene Number, Kind and Size 
in Drosophila.” By consideration of quanta of z-radi- 
ation absorbed in spermatozoa, mutations produced 
and size of chromosomes, it was concluded that the 
gene has a minimum of 14,380 loci and a size of fifteen 
protein molecules. Genic control of developmental 
processes was discussed by G. A. Lebedeff {Drosophila 
viriUs), Dr. L. C. Dunn and D. R. Charles (mice), 
and Professor E. W. Sinnott (Cuourbita and Cap¬ 
sicum). Heredity in clones interrupted by sexual 
reproduction was discussed by Dr. T. M. Sonnebom, 
who has applied Mendelian methods to Protozoa, and 
by Dr. A. M. Banta and Thelma R. Wood, who found 
that receesive mutations accumulate in Cladoeera after 
long-continued parthenogenesis. Dr. A. M. Banta’g 
studies were presented also by demonstration, Cysti-" 
eercus disease in rats and genetic factors in relation 
to malignant tumors were presented by demonstration 
and reading by Dr, M. B. CartU, W. F. Dunning and 
Dr. F. D. Bullock. Sex-linkage and polymorphism 
in Mexican fishes were demonstrated Dr. Myron 
Cbrdon. 

The American Microscopical Society held its fifty- 
first annual meeting on Thursday. The followii^ 
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offiMTB were elected for 1933: President, M. J. Elrod; 
first viee^preeident, B. J. Pool; second vice-president, 
J. J. Myers; member of executive committee (3 years), 
L. E. Noland. J, E. Ackert continues as secretary. 
The custodian, Dr. Henry 5. Ward, reported that the 
Spencer-Tolles Fund is in excess of $16,500. Profes¬ 
sors M. J. Elrod and J. E. Ackert were named to 
represent this society in the council of the American 
Association. 

In the scientific program of the Phi Sigma Biologi¬ 
cal Research Society zoological papers predominated 
—several of them dealing with morphogenesis. A re¬ 
port on bat migration attracted considerable interest, 
aa did the report of a European hydromedusa on the 
Maine coast. Three motion pictures were shown, one 
illustrating the possibilities of this medium for demon¬ 
strating plant zonation and successional relations. As 
usual, most of the contributions were from junior 
science students, who largely comprise the active mem¬ 
bership of this society. 

SEOTION H (AKTUROPOLOGT) 

{Reports from Carl E, Guihe and Dudley 
Morton) 

The American Anthropological Association, the 
American Folk-Lore Society and Section H printed 
a combined program on Wednesday, Thursday and 
Friday, and the American Association of Physical 
Anthropologists held meetings on Thursday and Fri¬ 
day. The opening general session of the A. A. A. S., 
Tuesday evening, was of particular interest to all 
workers in anthropology. At that session Professor 
Franz Boas, of Columbia University, retiring presi¬ 
dent of the American Association, spoke on 'The 
Aims of Anthropological Research.” The combined 
program mentioned above listed twenty-nine fifteen- 
minute communications, which dealt with various as¬ 
pects of the comparative study of human cultures. 
Some of them reported upon results of research 
among specific cultures in Africa, the Near East, Aus¬ 
tralia and Oceania. Others were concerned with more 
general problems, such as motor habits, music pat¬ 
terns, prehistoric disease and culture parallels. How¬ 
ever, as might be expected, the majority ot the papers 
dealt with studies of North American Indian cul¬ 
tures, Seven papers discussed eth nological work 
among cultures found along the Atlantic Coast, on 
the Great Plains, in the Southwest, in California and 
on the Northwest Coast. On Wednesday morning 
seven papers presented reports upon recent archeo¬ 
logical developments in Mexico, the Southwest, Texas, 
tiie Great PlainB and the southern Mississippi Valley, 
and diseizssions centered around the relationships be¬ 
tween Mexican and Southern United States cultures. 
lAter in the week a series of papers described recent 


arohoologioal work in Persia and Europe, including 
recent work in Jugoslavia, conducted by the Ameri¬ 
can School of Prehistoric Reseaicb and associated or¬ 
ganizations.—Following two papers on ballads and 
folk-lore, the major part of the Thursday morning 
session was devoted to a symposium attended by 
about sixty persons, on "Field Methods in Ethnol¬ 
ogy.” The general approach to the problem was first 
discussed, and then the functional approach and the 
folk-lore approach were outlined.—The annual An¬ 
thropologists’ dinner, held under the auspices of all 
four organizations, was served to sixty persons on 
Thursday evening. It was followed by Dr, William 
King Gregory’s illustrated retiring vice-presidential 
address for Section H, on "The New Anthropogeny: 
Twenty-five Stages in Vertebrate Evolution from 
Silurian Chordate to Man.” This address has been 
published in Science for January 13.—On Friday 
morning Section H held a joint session with the 
American Association of Physical Anthropologists, 
and on Saturday morning it joined with Section L, in 
a symposium on primitive linguistics.—The fourth 
annual meeting of the American Association of Physi¬ 
cal Anthropologists was held under the presidency of 
Dr. A. H. Schultz. The program contained 23 
papers and two evening addresses. A business ses¬ 
sion was devoted chiefly to reports on the encouraging 
progress of the census of human and anthropoid ma¬ 
terial in American collections. In the scientific ses¬ 
sions, papers were presented on many different phases 
of physical anthropology. Dr. W. K. Gregory, R. A. 
Miller, M. F, Ashley-Montagu and others discussed 
problems of human evolution; papers by Dr, A. 
HrdliSka, Dr. T. Michelson and Dr. B. Oetteking 
were interesting contributions to the study of human 
races; investigations of human growth were reported 
by Dr. C. B. Davenport, Dr. M. Heilman and C. E. 
Palmer; anthropometric methods were represented in 
the papers of Dv. T, D. Stewart and Dr. B. Oetteking. 
Among other subjects presented were anatomical vari¬ 
ations in man and comparative studies on primates. 
The joint session with Section H and its allied socie¬ 
ties was particularly stimulating. Its varied scope 
may be indicated by mentioning the splendid report 
presented by Dr. G. G. MacCurdy, on the recent dis¬ 
coveries of Neanderthaloid skeletons in Palestine, and 
the instructive motion picture of a chimpanzee by H. 
C. Raven. On Friday evening Dr. A. Hrdlifika pre¬ 
sented the most recent results of his intensive anthro¬ 
pological work in Alaska. 

SECTION I (PSTOHOLOGX) 

(Report from John E. Anderson) 

Section I held meetings from December 28 to 30. 
The vice-pfeaidential address, on "The Historical De- 
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veJopment of Response Psychology/’ was given by 
Professor Herbert S. Langfeld (Princeton Univer¬ 
sity), at a joint dinner with Section Q on Wednes¬ 
day evening. After outlining the history of response 
psychology Dr. Langfeld showed the increased sig¬ 
nificance of motor theories of consciousness. At this 
dinner, Professor Ernest Horn (University of Iowa), 
giving the vice-presidential address for Section Q on 
“The Problem of Meaning in Reading,” emphasized 
the importance of semantic variations for studies of 
language development and of reading, and evaluated 
modern approaches to the problem of meaning. On 
Thursday afternoon, in the symposium on “Mental 
Development,” Dr. Myrtle B. McQraw discussed the 
development of specific behavior during infancy and 
Dr. Edgar A. Doll discussed the psychological signifi¬ 
cance of cerebral birth lesions. In the remaining 
sessions twenty-seven contributed papers were pre¬ 
sented, distributed as follows: Theoretical, 3; experi¬ 
mental, 6; physiological, 2; comparative, 1; child de¬ 
velopment, 3; effects of old age, 2; mental measure¬ 
ment, 7; abnormal psychology, 4.—Thorndike showed 
that a satisfying after-effect inserted in a series ot 
mental connections strengthens the unrewarded con¬ 
nections in close proximity to it. Pratt demonstrated 
that new-born infants are sensitive to auditory stimu¬ 
lation. Miss Price showed motion pictures of infants 
reacting to a problem situation. Yoshioka demon¬ 
strated that young chimpanzees learn to make choice 
by position more easily than by brightness. Porter 
and Henninger reported a lack of positive relation¬ 
ships among measures of persistence. Luckiesh and 
Moss showed that nervous muscular tension incidental 
to reading decreases with an increase in illumination. 
Dwight criticized the use of the concept of organism. 
Mailer showed the relationship between psychological 
measures and various socio-economic factors, while 
Anderson discussed the relation of socio-economic 
status to child care. Wechsler gave evidence that the 
decline in human capacities begins earlier than is cur¬ 
rently maintained. Dr. Walter Miles showed the ex¬ 
istence of a decrement in the performance of an in¬ 
dustrial task as age increases.—In a joint session 
with Section Q, Kelley presented the results of a 
factor analysis of mental test scores, Hoke evaluated 
various techniques for eliminating cheating, Lamson 
reported on the high-school achievement of gifted 
children, and Courtis showed that means derived from 
cross-section studies give on inadequate picture of 
physical growth when compared with means derived 
from curves based on successive individual measures. 
Garvey obtained no evidence of sensitivity in the 
blind spot. Max and Joseph showed the absence of a 
relationship between handedness and heart action 
when the right or left arm did muscular work. Mitch¬ 


ell found that waking suggestion failed to afleot re¬ 
learning after short periods. Hunt discusBed the 
meaning of pleasantness and unpleasantness. John¬ 
son showed that sleep was not due to an absence of 
stimulation. Likert found a positive relationship 
between social attitudes and scholarship. Lotz dis¬ 
cussed the relation between parent’s emotional status 
and problem children’s behavior. Tinklepaugh and 
Mitchell demonstrated the existence of monthly 
weight cycles related to menstruation. Macht and 
Davis showed that menotoxin, derived of menstruating 
women, which had been shown to be depressant for 
living plant tissues, sensitizes or depresses smooth 
muscle preparations according to dosage. Cowles 
presented a paper on a new pathology and treatment 
of the psychoneuroses, Burrow one on the fallacy of 
the senses and Feigenbaum one on equilibrium in nor¬ 
mal and abnormal psychic apparatus. 

SECTION K (SOCUL AND BCONOHIO SCIENCES) 
(Report from Harold HotelUng) 

A program of statistical contributions to the social 
sciences was held on Tuesday morning, with the chair 
occupied by Professor W. F, Ogbum (University of 
Chicago), vice-president for the section. Professor 
Herman C. Beyle (Syracuse University) presented 
his work on the construction of scales measuring 
political behavior, using the Thurstone psycho¬ 
physical technique. Professor Ogbum analyzed the 
1930 census data on family composition. Dr. Dorothy 
Swaine Thomas (Tale University, Institute of Human 
Relations) spoke on “Some Individual Biases in Ob¬ 
servation.” Quick and accurate estimation of the 
social status of a family is possible on the basis of 
living-room furniture, according to a paper presented 
by Professor F. Stuart Chapin (University of Minne¬ 
sota). The type of mental abnormality known as 
schizophrenia was found, in an intensive study by 
Professor Robert Fans (Brown University), to result 
directly from loneliness. Case records showed that 
before commitment most of the patients had been cut 
off for long periods from intimate, sympathetic per¬ 
sonal contacts; many city dwellers, lonely as solitary 
inhabitants of remote islands, develop this malady. 
Professor Wilson Gee (Institute for Research in the 
Social Sciences, University of Virginia) gave results 
of an intensive study of the changes in the popula¬ 
tion of a rural South Carolina township between 1900 
and 1030. 

The recently organized Econometric Society, affili¬ 
ated with the A. A. A. S., held two joint sessions with 
Section K, one with Section A and the American 
Mathematical Society, and one with Sections A and K 
and the Mathematical Assoeiation of America. At 
the two fliet menttoned of these, President Irving 
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Fisher presided. Professor H. T, Davis (Colorado 
Springs) set forth an analogy of economic variables 
with an elastic mechanical system, using quadratic 
differential forms in his statistical analysis of eco¬ 
nomic series. Dr. Edward Thiess (Technical Dniver- 
sity, Hungary) developed the theory of a type of 
business cycle resulting from the interval between 
the beginning of a productive enterprise and its fru¬ 
ition. Mr. Carl E. Thomas (New York Federal Re¬ 
serve Bank) read a paper on community expendi¬ 
tures and industrial fluctuations. Mr. John P. Nor¬ 
ton (West Haven, Connecticut) proposed that con¬ 
tracts be made in terms of kilowatt hours instead of 
dollars, to gain stability. The rapid growth in the 
expectation of life in the United States was traced 
in a paper by Dr. Louis I. Dublin and Dr. Alfred J. 
Lotka (Metropolitan Life Insurance Company). 
They discussed recent changes in incidence of the 
principal causes of death, with tuberculosis taking a 
smaller toll than ten years ago and organic heart dis¬ 
ease a greater one. Professor Truman L. Kelley 
(Harvard University) described the abysmal igno¬ 
rance of elementary mathematics which he had found 
in students of statistics. His recital of shocking cases 
moved Dr. Arne Fisher to exclaim, ‘^What right have 
those people in a university, a drag on the professors 
and the serious students?” Professor J. A. Shohat 
(University of Pennsylvania) urged that a statistical 
institute is needed for teaching and research, both in 
the mathematical theory of statistics and in economic 
problems which call for mathematical inquiry. Pro¬ 
fessor Charles A. Ellwood (Duke University) spoke 
on the uses and limitations of statistics in the social 
sciences. A paper by Professor John H. Cover (Chi¬ 
cago) dealt with liquidation and rehabilitation of 
the consumer and small business.—At one of the joint 
sessions with the mathematicians Professor Griffith C. 
Evans (Rice Institute) gave the retiring vice-presi¬ 
dential address for Section K, on ^^The Theory of 
Money." At the other joint session with the mathe¬ 
maticians Dr. Walter A. Shewhart (Bell Telephone 
Laboratories) spoke on "Probability as a Basis of 
Action," emphasizing the difference between a predic¬ 
tion based on assumptions considered with reference 
to probability theory and a prediotidn based on as¬ 
sumptions that are known to be satisfied. A spirited 
discussion by numerous members of the large audi¬ 
ence followed the paper and the scheduled comments 
by Professor E. V. Huntington (Harvard Univer¬ 
sity) and PxY>fe8sor Harold Hotelling (Columbia Uni¬ 
versity). Dr. Max Sasuly (Brookings Institution) 
described a method of smoothing economic time series 
by moving averages.—The joint symposium on "6tab- 
Ukation of Employment," in which Sections K and 
it took part, is summarized under Section M in this 
ffsport. 


SBOnOK li (HISTOBIOAL AKD PHILOLOOICAL SOIENOBS) 
(Reports from Joseph Mayer and F. E, Brasch) 
The historical and philological program at Atlantic 
City was probably the most significant in the history 
of Section L. Among those participating were Dr. 
William H. Welch, Dr. Harvey Cushing and Dr. 
Clark Wissler, and among the high lights of the ses¬ 
sions the following itezns were outstanding; China 
was pointed to as the mother of many scientific dis¬ 
coveries which are as a rule credited to Western 
learning, such as the principle of the circulation of 
the blood, the evolutionary hypothesis, and as pos¬ 
sible source, by way of Syria and Persia, of the 
algebra of al-Kbowarizmi. The reintroduction of 
Western learning into China to-day was apparently 
looked upon as the beginnings of an Oriental Renais¬ 
sance.—^Equally interesting was the presentation of 
data on the excellent examples of the dental work¬ 
manship of the old and new worlds in ancient time. 
The same materials, such as gold and silver, the same 
type of instruments and similarly successful surgical 
operations upon the teeth, as are used or as exist to¬ 
day were in evidence among the Etruscans in 1000 
B.C. and among the Pre-Inca Indians of the new 
world. In fact, the successful transplanting and im¬ 
planting of teeth discovered in those ancient times 
is now a lost art.—A most illuminating session was 
that on biography, in which it was clearly indicated 
that psychology, genetics and anthropology have much 
to contribute to a proper understanding of scientific 
biography. It was suggested, for example, that ad¬ 
ditional information required of every school child 
bearing upon physiology, heredity and environmental 
characteristics might be readily utilized for more 
properly developing the biographies of the great, and 
also for providing a cross section of what might be 
considered representative in a particular country or 
region at a given time.—The session on primitive 
linguistics provided additional interesting information, 
especially that bearing on the drum language of West 
Africa, the inference being drawn that by means of 
signals, beaten out upon specially constructed drums, 
messages quite similar in detail to written language 
are transmuted into sound and rhythm and communi¬ 
cated over a wide area. Especially interesting here 
was the suggestion that music and language are thus 
blended together, the signals representing thought 
communication at one time and musical scores at an¬ 
other.—The session on the histoiy of mediobe was 
especially outstanding. Among other thbgs discussed 
was the famous Edwb Smith Surgical Papyrus, b 
whicl;| 48 surgical operations employed among the 
ancient Egyptians are mbutely described. This 
papyrus, unknown until relatively recent times, pro¬ 
vides an essential source book for ancient medical 
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prooediire.—The sessions were well attended, the one 
on History of Medical Science drawing an audienoe 
of more than 150, and the discussions were always 
significant and illuminating. 

ssoTioK u (KKOiNiaatzNa) 

{Reports from N, H, Reck, Howard Hotelling and 
Wm. F. Diehl) 

Section M took part on Wednesday in two joint 
sessions on the “Stabilization of Employment,” with 
Section K and the Econometric Society. The Phila¬ 
delphia section of the Institute of Radio Engineers 
arranged a joint session with Section M for Thursday 
afternoon. The retiring vice-presidential address for 
this section was given at the Thursday evening general 
session, by Professor Dexter S. Kimball, of Cornell 
University, whose topic was "The Social Effects of 
Mass Production.” Dean Kimball’s address has been 
published in Science for January 6. At the sym¬ 
posium on "Stabilization of Employment” invitation 
papers were given by Professor Irving Fisher, James 
W. Angell, Alvin Hansen, Dr. C. F. Kettering, Pro¬ 
fessor Dugald C. Jackson, Professor Walter Eauten- 
strauch, Elmer J. Working, Gerard Swope, Dr. H. 
L. Rietz, Leo Wolman, Dr. John Lyle Harrington, 
W. N. Loucks, Dr. Karl T. Compton and Royal 
Meeker. Fisher showed a close correlation between 
price changes and subsequent unemployment, Angell 
emphasized excessive post-war industrial expansion 
through bank credit as a principal cause of the 
present depression. Hansen ascribed the depression 
largely to great erratic international movements of 
capital while it was being attempted to maintain 
artificial high price levels. Kettering held that we 
suffer not from over-production but from inadequate 
distribution and that -the necessity for continued con¬ 
structive change must always be present with ma¬ 
chines, so that wc need not fear the latter. Jackson 
gave emphasis to the -thought that the continuous, non- 
oycUc contributions of research and invention to hu¬ 
man welfare necessarily result in great social changes 
that require continued readjustment; undesirable 
features must be corrected, but the advantages of 
the machine age must not be lost, Rautenstrauch 
called attention to the fact that the capacity for 
energy conversion per man is now a hundred times 
as great as in pre-machine times; the resulting highly 
integrated social mechanism calls increasingly for sci¬ 
entifically designed control. Working showed how 
agricultural employment had maintained a remarkable 
degree of stability, as compared with industrial em¬ 
ployment, but agriculture had to pay for this ad¬ 
vantage by accepting earlier and more drastic price 
reduction. Swope held the view that workers must 
be assured of a minimum degree of employment, 
that adequate reserves should be established and main¬ 


tained to this end, by ooaperarion of employers and 
employed, but without demands upon the state. 
Bietz’s paper dealt with actuarial aspects of unem¬ 
ployment insurance. Wolman emphasized the in¬ 
herent weaknesses of plans aiming to stabilize busi¬ 
ness through control of public works. Harrington 
and Loucks both discussed public works as an im¬ 
portant factor in the stabilization of employment. 
Compton pointed out that legislation for the reduc¬ 
tion and relief of unemployment is inevitable, being 
specially directed toward the improvement of facili¬ 
ties for cooperation among the various groups that 
are oonoemed. Meeker’s witty talk, on “The Out¬ 
lawry of Unemployment,” concluded with the state¬ 
ment : "The abolition of both war and unemployment 
must be achieved if the good things of existing civili¬ 
zation are to be retained and another thousand years 
of Dark Ages is to be avoided.” 

The papers and the discussions that made up this 
important and timely 8ymi>osium are being brought 
together and edited to form a book, which is to be 
published about February 25, 1933. The writing will 
be clear and readable. The subject is of interest to 
every one. The authors’ names are assurance of re¬ 
liability. The book may be ordered from the office 
of the permanent secretary, A, A. A. S., Smithsonian 
Institution Building, Washington, D, C. The priee, 
$2.60 before publication, afterwards $3.50, 

In -the program of papers arranged by the Phila¬ 
delphia Section of the Institute of Radio Engineers, 
an introductory talk by Professor Dugald C. Jack- 
son, vice-president for Section M, was followed by 
three papers bearing on musical aspects of radio 
transmission and reception, with suggestions for im¬ 
provement, w'hich were presented by C. N. Woyl, A. V. 
Lougbren and C. B. P. Aiken. Richard Kovaes gave 
a paper on electricity in the treatment of disease and 
in the alleviation of pain, presenting the history of 
this topic and emphasizing the evils of the attempted 
use of electric methods by medical quacks. F. Massa 
discussed recent developments in ribbon telephone 
receivers. 

SECTION K (medical SCIENCES) 

{Reports from W* W. Cart and Albert L, Midgley) 

The program arranged by Section N consisted of 
a series of symposia. All were well attended, with 
numbers varying from 60 to over 200, and interesting 
discussions developed at each session. The Wednes¬ 
day morning symposium, on “Tuberculosis,” was 
under the leadership of Dr. William H. PaA, vice- 
president for Section N. In the first paper on this 
symposium Miss Lucy Mishulow discussed the value 
of culture methods of diagnosing tuberculoris by 
uee of the Bordet-Gengou and Lowenstein meffituos. 
Mias Camille Kexmstm then outlined tbe resotts itm 



VwtKOMn 9, t0>S 


SCIENOi 


151 


a study of the Tuloe of the BC0 vaoeination in pro- 
teoting young children in tuherouloos homes against 
tuhereuiosU, concluding that this vaccine seems to 
have some protective value. Dr. M. C. Kahn gave 
a summary of his studies on the life cycle of the 
tubercle bacillus by the method of isolating single 
cells; his results on the modification of strains were 
particularly striking. The symposium ended with dis> 
cuBsions by Dr. E. L. Opie and Dr. Park on the ques¬ 
tion of immunisation in tuberculosis.—The Wednes¬ 
day afternoon symposium, on the ^^Hypophysis 
Cerebri,” was under the direction of Dr, John J. 
Abel, president of the American Association. At this 
meeting were present a large number ol the most 
prominent workers in the United States in this field. 
The meeting had a very auspicious beginning in the 
presentation to Dr. Abel, by Dr. D. D. Jackson, of 
the Philip A. Conne Medal of the New York Chemists 
Club. Unfortunately, Dr. H. M. Evans, who was to 
give the first paper of this symposium, on the hor¬ 
mones of the anterior hypophysis^ was unable to be 
present on account of illness; Dr. G. W. Corner gave 
a summary of Dr. Evans’ results. Dr. P. E. Smith 
discussed the relationship between the pituitary and 
the gonads, showing a variability among different 
species of animals in the response to the anterior 
pituitary gonad-stimulating extracts and to the an¬ 
terior pituitary-like hormone from pregnancy urine. 
Several different types of tests showed that the an¬ 
terior pituitary-like hormone in human pregnancy 
blood reacted similarly to prolan and differently from 
true anterior pituitary extracts. Dr, E. M. K. Gell¬ 
ing gave a summary of the newer developments of 
the last few years in the study of the posterior lobe 
of the hypophysis cerebri, showing that a number of 
physiological properties of a heterogenous character 
have been asoribed to extracts prepared from this 
gland and emphasizing the importance of the possible 
r61e of the posterior lobe hormones as regulators of 
metabolites between the blood and the tissues. In the 
discussion Dr. Harvey Cushing drew on his wide clin¬ 
ical experience and pointed out the r51e of the various 
types of cells in the anterior lobe in relation to types 
of tumors and their resultant pathological pictures. 
Dr. Abel closed the discussion with an inalysis of the 
difficulties associated with the preparation of active 
principles from this gland and their establishment as 
chemical entities. Other well-known workers in this 
field who took a part in the discussion were Drs. 
Kamm, Riddle and CoUip.—The symposium on ''Filter¬ 
able Viruses and Filterable Virus Diseases” was held on 
^ursday. Dr. R. R. Hyde, the first speaker, defined 
filterable vims diseases as a group distinctly separated 
those caused by protozoa and bacteria; their 
causative agents are very minute, cabable^of passing 
with the moat mbute pores and producing well- 


defined and characteristic inclusion bodies. Dr. E. B. 
McKinl^ gave a classification of the various dis¬ 
eases which have been placed in the filterable virus 
group and discussed the characteristics of the causa¬ 
tive agents, emphasizing their mode of reproduction. 
He pointed out that up to the present time, in spite 
of well-planned attempts, no one has been able to 
cultivate these viruses except in the presence of liv¬ 
ing tissue. Dr. E. V. Cowdry dealt with micro-in¬ 
cineration, a new technique for the study of viruses, 
especially application of this method to the study of 
the virus of yellow fever. Dr, Max Theiler gave a 
summary of recent investigations on the susceptibility 
of common laboratory animals to the virus of yellow 
fever, with an account of his own researches on the 
transfer of this virus to white mice and its localiza¬ 
tion in the brain; he pointed out the progress thus 
made possible in the development of a protective 
serum against yellow fever. Dr. T. M. Rivers em¬ 
phasized particularly the pathology of the virus dis¬ 
eases, especially in relation to serum therapy. In 
the last paper on this symposium Dr. W. H. Park 
gave a general discussion of the epidemiology, pre¬ 
vention and treatment of poliomyelitis; statistical 
anai 3 reis of a thousand cases gave no evidence that 
the serum treatment had in any way influenced tb^ 
development of paralysis or other results of this dis¬ 
ease.—On Thursday evening there was a symposium 
on medical history, at a joint session with Section L, 
the American^ College of Dentists and the History of 
Science Society. Dr. William H. Welch presided. 
The first paper was the address of the retiring vice- 
president of Section N, Dr. H. T. Karsner, entitled 
"Mediaeval Guilds of Medical Interest.” Dr. Karsner 
gave a very interesting account of the development 
and charaoteristics of the various guilds, such as those 
of the barbers, physicians and others that had relation 
to medicine. Dr. H. E. Sigerist gave an analysis of 
the Edwin Smith Surgical Papyrus, the oldest surgical 
writing known. According to his interpretation these 
writings were probably for the instruction of army 
surgeons, and showed no evidence of the pursuit of 
pure science. Dr. Harvey Cushing discussed the in¬ 
fluence of the anatomical tables of Ercole Lelli, both 
on art and anatomy. The symposium closed with a 
discussion, by Dr, W. H. Welch, on the life and work 
of Antony van Leeuwenhoek, ih honor of the tercen¬ 
tenary of Leeuwenhoek's birth. 

The' initial appearance of dentistry, through the 
American College of Dentists, in affiliation with the 
American Association for the Advancement of 
Science, marks a new era in dental history, in that a 
scientific program in this subject was offered in con- 
jonotion with those of other organizations in the field 
of scienoe. This alliance has more than a passing 
significance, for, as was emphasized by this meeting, 
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the dental profession has an important part to play 
in the promotion of research. By no means content to 
confine their activities to the mechanical and esthetic 
phases of the profession, workers in dental science 
are keenly alert to the importance and value of its 
biological aspects. The fellows of the American Col¬ 
lege of Dentists are greatly appreciative of this op¬ 
portunity to present a program at Atlantic City.— 
The program, which had been arranged by a committee 
of which Dr. William J. Gies (Columbia University) 
was chairman, included both theoretical and practical 
diseusaions on a high scientific and intellectual level. 
There were sessions on Friday morning, afternoon and 
evening. It was opened by Dr. W. H. Park, vice- 
president for Section N. The need of dental research 
was discussed by E. H. Hatton (Northwestern Univer¬ 
sity). The cause and prevention of mottled enamel, 
a preventable endemic lesion of the teeth, was dis¬ 
cussed by F. S. McKay (New York) who showed how 
this disease points to a civic responsibility that closely 
allies dentistry with medicine and with the public 
health movement. A paper on the experimental pro¬ 
duction of typical dental caries in animals was given 
by Theodor Rosebury (Columbia University), who 
pointed out the importance of such experimental work 
in throwing light on the phenomena of tooth decay 
in man. Professor J. L, T. Appleton, Jr. (University 
of Pennsylvania) presented a new plan for the treat¬ 
ment and management of infected teeth, suggesting 
avenues of thought that should lead to progress in the 
eradication of dental foci of infection and conse¬ 
quently in the elimination of related disease conditions 
elsewhere in the body. An interesting discussion of 
dental and facial prosthesis, by V. H. Kazanjian 
(Harvard University), indicated a field of medico- 
dental study that should give hope and encouragement 
to those afflicted with ^ discomfort, disability and de¬ 
formity through accident to or disease of the tissues 
of face and jaws. Orthodontic problems and the use 
of x-ray silhouettes in tracbg facial growth, by 
B. Holly Broadbcnt (Western Reserve University), 
diet as related to the development of osseous tissues 
of jaws and face in the American Eskimo, by L. M. 
Waugh (Columbia University), aids offered by scien¬ 
tific research toward the improvement of dental 
restorations, by Wilmer Souder (U. S. Bureau of 
Standards), morphological change in mucous mem¬ 
brane of edentulous areas of the alveolar process, by 
W. H, Wright (University of Pittsburgh), were other 
topics discussed. On Friday evening there was a din¬ 
ner session, at which three constructive papers were 
presented, as follows: "Status of Dental Research,” 
by U. G. Rickert (University of Michigan), “Miero- 
seopio Research on Periodontal Diseases,” by Rudolf 
Eronfeld (Loyola University, Chicago), and "Field 
Studies of Human Tooth Decay in Primitive Districts 


Providing Immunity,” by Weston A. Price (Cleve¬ 
land, Ohio). On Friday afternoon, at a general ses¬ 
sion of the American Association, Dr. R. W. Bunting 
(University of Michigan) gave an interesting lecture 
on recent developments in the study of dental caries. 

SBOTION O (AGRICULTUBB) 

(Beports from P. E, Brown, H, B. Tukey, JT, C. 

Moore, Pml Moore) 

Section 0 and the American Society of Agronony^ 
met in joint session on Wednesday, with Vice-presi¬ 
dent J. H. Gourley presiding. In the absence of the 
secretary, due to illness, Dr, R. P. Thomas (University 
of Maryland) served as secretary pro tern. The pro¬ 
gram consisted of a symposium of invitation papers 
on "Nitrogen in Relation to Crop Growth and the 
Use of Nitrogenous Fertilizers.” The subjects dis¬ 
cussed included nitrogen carriers in relation to plant 
growth, the use of ammonium and nitrates by plants, 
•the effects of previous cropping on forms of nitrogen 
in soil, the role of microorganisms in the liberation 
and immobilization of nitrogen in soil, the occurrence 
of Azotobacter in peat soils, nitrogen fertilizers for 
cotton and truck soils, the assimilation of different 
forms of nitrogen by grasses and clovers, factors 
affecting the choice of nitrogen fertilizers, the use of 
nitrogen as a top dressing for wheat and reactions of 
ammonifying cultures of cottonseed meal. In the 
absence of Retiring Vice-president C. G, Williams, his 
address, on "Fifty Years of Experiment Station 
Work,” was read by title only. 

The twenty-ninth annual meeting of the American 
Society for Horticultural Science was held in four 
sessions, including a joint aessioD with the American 
Society of Plant Physiologists. One hundred and 
sixty-two papers were presented, more than at any 
previous meeting in the history of the organization. 
Much interest was shown in the various phases of 
growth and nutrition of fruit trees, pruning and fun¬ 
gicides, stocks and vegetative propagation, small 
fruits, breeding and pollination, varietal behavior of 
fruits in cold storage, vegetable crops and ornamen¬ 
tals. The physiological view-point was dominant and 
many different questions of plant physiology received 
attention. The address of the retiring president, Dr. 
H. A. Jones (University of California), reviewed 
vegetable breeding at Davis, California. Dr, Laurenz 
Greene (Purdue University) was elected president for 
the year 1933, 

The Atlantic City meeting of the Potato Associa¬ 
tion of America was opened on Thursday morning by 
President J. R. Livermore, who spoke on bud selec¬ 
tion as a means for the improvaneut and development 
of better strains of seed potatoes. New developments 
in spraying were discussed by F. M. Blodgett (Comdl 
Universityy, who reported maximum yields for a 
4-year period from Rural potatoes in upstate Ifesr 
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York, secured by spraying 75^0 pounds of copper 
sulfate per acre, in the form of Bordeaux mixture, 
with pressure of about 400 lbs. As the amount of 
lime in the mixture was decreased, better yields were 
obtained. Dr. Harry L. Gui (Ohio Experiment Sta¬ 
tion, Wooster) described the life history of the potato 
scab-gnat and recommended corrosive sublimate or hot 
fotmalin as a seed-potato disinfectant; other control 
measures considered were crop rotation, addition of 
humus to the soil, and maintaining the pH value of 
the soil around 5.0 or less. Results of fertilizer tests 
at the Rhode Island Experiment Station were pre¬ 
sented by Professor T. E. Odland, indicating the 
desirability of relatively high potash and low nitrogen 
content in fertilizer; variations in phosphorus content 
did not affect the yields as much as variations in 
nitrogen and potash content. A malnutrition trouble 
in potato plants in the region of Norfolk, Virginia, 
was described by R. L. Carolus; it caused stunted 
growth, yellowing of foliage and marked deficiencies 
in nitrogen and magnesium, accompanied by depressed 
yields, and it was associated with a low pH value and 
a low organic-matter content of the soil. Results of 
fertilizer placement testa, as conducted in Maine, 
Michigan, New Jersey and Virginia, were reported 
by Dr. W, H. Martin (New Jersey Experiment Sta¬ 
tion) and B. E, Brown (U. S. Department of Agri¬ 
culture, Office of Soils Investigations).—Seed-potato 
certification problems were discussed at the Friday 
morning session. The oomputtee on this subject pre¬ 
sented standards for field and car inspections and 
urged their adoption in seed certification. The Potato 
Association voted its approval of these standards, 
which were also approved by the seed certification 
officials present. Legislative measures were discussed 
for protecting the certified seed industry. The Friday 
afternoon session was devoted to potato marketing 
problems. William Stuart presented a r^um4 of 
recent improvements in potato growing and market¬ 
ing. Washing, grading and marketing potatoes in 
15-pound sacks was the topic discussed in a paper by 
R. A. Porter (Elba, N. Y.). Daniel Dean outlined 
changes that have occurred in the potato industry of 
the United States in the past 60 years; rapid develop¬ 
ment of new potato-producing areas, such as those of 
Idaho, Aroostook County, the South, has 

led to the use of better graw|bknd marketing meth¬ 
ods in the older potato districts. The work of the 
Interstate Potato Committee was described by A. E. 
Mercker (U. S. Bureau of Agricultural Economics), 
who stated that the committee has, in the last 4 years, 
enabled growers in the southeastern states to regulate 
their acreage so as to increase their profits.—The 
Potato Association adopted the following resolution: 

Whereas, the Potato Assoelatioii of America is in¬ 
debted to the American Association for the Advance¬ 


ment of Science for certain services rendered and accom¬ 
modations provided; it is therefore resolved that the 
association in convention assembled offers its sincerest 
appreciation to the American Association for the Ad- 
vanemnent of Science for its cooperation in the planning 
of this aimual meeting. 

At a meeting of the Board of Governors of the Crop 
Protection Institute, held on December 28, Dr. W. G. 
O’Kane said that, notwithstanding the depression, the 
institute had been able to find much support, closing 
the year with as much productive work on hand as it 
had had at any time in its history. This year’s work, 
on 16 research projects, was conducted mainly at the 
agricultural experiment stations of Washington, Iowa, 
Illinois, Ohio, Delaware, New Jersey, New Hampshire 
and Massachusetts. The secretary-treasurer, Paul 
Moore, reported receipts for the year of $44,198.54. 

SECTION Q (education) 

(Report from Willie L, Uhl) 

Sessions of Section Q were held from December 
27 to 29. Cooperative research, as conducted by the 
Middle States Association of College and Secondary 
Schools, was presented by Dr. E. D. Grizzell, and 
means for disseminating the results of research were 
discussed by Dr. Arthur B. Moehlman. Professor L. 
A. Pechstein summarized an investigation showing that 
personality topics are dominant in courses in psychol¬ 
ogy in high schools. The period of tenure of college 
teachers, reported upon by Professor Norman MacD. 
Grier, averages about seven years. Personality tests 
of teachers, reported upon by Dr. Gordon Hendrick¬ 
son, showed no administrative values of such tests, and 
age, marital status and degrees held were apparently 
without signifioant bearing on test scores. That bio¬ 
logical superstitions can be eliminated by specific 
teaching was reported by Professor Otis W. Caldwell. 
Regional differences in achievement among pupils in 
Now York City were presented by Dr. J, B. Mailer. 
The size of measurable error in college entrance re¬ 
quirements is greatest for foreign-language units, as 
reported by T. Ernest Newland and Charles McD. 
Morris. The attainments of students using a simpli¬ 
fied typewriter keyboard were discussed by Dr. Willis 
L. Uhl and Dr. August Dvorak, who showed a saving 
of more than a year of the ushal two year course. A 
symposium on general educational problems of mathe- 
matids and physics was led by Dr. E. R. Hedrick, 
Dr, W. B. Carver and Dr, F. EL Richtmyer. At a 
joint dinner with Section I, Professor Ernest Horn 
gave an address on the problem of meaning in read¬ 
ing, in which it was shown that the many different 
meanings of certain words and small groups of words 
introduce great difficulty in learning to read effec¬ 
tively. 
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ORaANIZATZOKS RELATZCD TO THE AESOOZATIOK 
AS A WHOLE 

(Reports from Jennie Hall, Edward Ellery^ Howard 
Richards, H. R. Nelson, Agnes Z, Hill) 

the American Nature Study Society held its 
twenty-fifth annual meeting on Tuesday, Wednesday 
and Thursday. The sessions were of unusual interest, 
with attendance which varied from about 25 at the 
first session to 75 at the last. The Tuesday sessions 
were devoted to phases of service in knowing nature 
and to methods of stimulation and direction of inter¬ 
ests in the phenomena of nature. The Wednesday 
morning session, under the chairmanship of Dr, Otis 
Caldwell (Teachers College, Columbia University), pre¬ 
sented Socratic Discussion: The Responsibilities 
of Our Society.” In the first half of the Thursday 
morning session the papers and discussions dealt with 
matters related to the development of nature training 
of teachers and children. Then an illustrated talk 
was given by Dr. H. C. Bryant (U. S. National Park 
Service), on the educational work carried on by the 
U. S. National Park Service, and Arthur N. Pack 
(Princeton, N. J.) showed unusually instructive and 
interesting motion pictures of “Grizzly Bears, Glaciers 
and Whales in Alaska.” A business meeting was held 
on Wednesday afternoon. An exhibition of illustra¬ 
tive material was a feature of the meeting. The an¬ 
nual dinner of this society occurred on Wednesday 
evening, with an attendance of 60, followed by an 
entertaining illustrated lecture by Dr. Q. Clyde Fisher 
(American Museum of Natural History, New York 
City), who spoke on his study of Crater Canyon, 
Arizona, and his airplane view of the recent solar 
eclipse. 

The 33rd annual convention of the Society of the 
Sigma Xi was held on Wednesday. Two new chapters 
had been organized in the year just closed, one at 
Western Reserve University and one at Princeton 
University; also a new Sigma Xi club of 24 members, 
at Yenching University (Peiping, China). The society 
now has 60 chapters, with a total membership of 
approximately 12,000, and 31 clubs; the total mem¬ 
bership of the society, including associates, is ap- 
proximately 26,000. About 1,600 members and 
associates are added each year. An unexpended bal¬ 
ance of about $3,000 over budget expenses was re¬ 
ported. Six of the chapters presented foreign scien¬ 
tists to their membership and public during the year; 
the chapter at the University of Minnesota has con¬ 
tinued its plan of holding symposia, the last one being 
on “Evolution and Civilization”; its meetings were 
attended by a total of 12,700 people. The chapters 
at Pennsylvania, Colorado, Virginia, Wisconsin and 
Minnesota award research prizes; the Rochester Chap¬ 
ter holds an annual Sigma Xi Day, with a forenoon 


program for school' childreai, on afternoon exhibition 
of current scientific research and an evening dinner 
with an address.—Professor A. 0. Leuschner (Univer¬ 
sity of California) was elected to the executive com¬ 
mittee for five years, and Donald H. Sweet (Chicago) 
was elected to the alumni committee, for five years. 
The annual Sigma Xi dinner was well attended. The 
11th annual Sigma Xi lecture, given under the joint 
auspices of the society and the A. A. A. S., was given 
by Professor Harlow Shapley (Harvard University) 
on “Fact and Fancy in Cosmogony.”—New chapters 
were authorized at Duke University and at the Uni¬ 
versity of California at Los Angeles. It was decided 
to hold a special meeting of the society in connection 
with the approaching Chicago meeting of the Ameri¬ 
can Association. The semi-centennial meeting of 
Sigma Xi is to occur in 1936, at Ithaca, in connection 
with the Rochester meeting of the A. A. A. S., to be 
held in the summer of that year. 

The Metric Association met on Thursday, under the 
presidency of Dr. A. E. KennelJy, with a program of 
several talks on the metric system and its progress in 
the United States, an inspection trip and a dinner. A 
resolution was adopted recommending to the United 
States Congress that the terms “metric yard,” “metric 
quart” and “metric pound” be authorized for use by 
the United States Government as synonymous with 
meter, liter and half-kilogram. 

The Gamma Alpha Graduate Scientific Fraternity 
held its annual council meeting and convention on 
Wednesday and Thursday, with more than 40 mem¬ 
bers present. A committee was appointed to consider 
ways and means by which Gamma Alpha might take 
more active part in the general program at winter 
meetings of the American Association. Officers for 
1933 are: President, R. H. Wetmore; secretary, H. E, 
Nelson; treasurer, S. P. Miller; editor, C. F. Scofield; 
recorder, D. 8. Welch. 

Sigma Delta Epsilon, graduate women’s scieiDtiflc 
fraternity, held two sessions at Atlantic City. At the 
Wednesday morning breakfast, to which all women 
interested in science were invited, Dr. Abby Tomer 
(Mount Holyoke College) discussed “Research in 
Women’s Colleges, Its Trials and Joys.” The follow¬ 
ing officers were elected for 1933: President, E^a 
Mosher (Adelphi College); vice^presidentB, Janet 
Scott {Chemical Amiracis, Columbus, Ohio) and 
Mary Carlson (Northwestern University); treasurer, 
Catherine Jeffers (University of Missouri); secretary, 
Agnes Zeimet Hill (University of Wisconsin). 

Pi Gamma Mu, an honor society in the fl^d of the 
social sciences, held a loncfaeoit on Thursday, at which 
the speakers wer^: Dr. Franz Boas (Colombia Uni* 
versi^, retiring president. A, A. A. 8.), Emory R. 
Johnson (University of Pennsylvania) and Professexr 
Sarry T. Collings (University of Pennsylvania)* 
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SOME THOUGHTS ON THE AGRICULTURAL 
EXPERIMENT STATION’ 


By Professor C. Q. WILLIAMS 

AaaiOULTtJaAL EXPERIMRNT station, WOOSTER, OHIO 


In so far as the United States is eoncemed, the first 
a^oultural experiment station dates back only 67 
years, Connedtiout having the honor of establishing 
first station in 1875. 

It is of interest to note what called the experiment 
station into existence. In his first annual report, 
Director Atwater said: “There was bitter need of a 
better control of the trade in oommercial fertilizers 
in the Sti^e. One of the chief arguments used in 
favor of l^e station has been that by its means a 
fertUiaer control system could be introduced. The 
Edmond that its first efforts sbonld be turned in this 
was imperative.” 

Shis nepodt gives further proof of the reason for 
f liie eonatenee of the station, in that 103 of its 108 

^ praiddeiit and dmimum of Section 
Aesoe t a ti on for the Advance- 

mu. 


pages are devoted to information regarding analyses, 
etc., of the commercial fertilizers on the market. 
Strange as it may now seem, there was a time when 
fertilizer manufacturers had a great deal of human 
nature about them of the unconverted sort. Some 200 
samples were received and analyzed by the Connecticut 
station during this first yehjk 

The questions put up by the Connecticut farmer of 
the-seventies sound very much like those of the Mid- 
West farmer of 1932, as, for instance, “Are such and 
such brands of fertilizers of enough value to farmers 
in this county to warrant their purchase these hard 
timost” 

For several years the staff of the Connecticut sta¬ 
tion eonsisted of the director and three or four diem- 
ists, whose principal work was to analyze fertilizefs, 
soi]S| fee^ and poisons. This does not mean that noth- 
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iBg else was done, for it was during this early period 
that some of the most valuable agricultural research 
of the century was done by Director Atwater—^in 
particular the discovery of the fixation of atmospheric 
nitrogen by legumes. 

Just a word about the second agricultural experi¬ 
ment station, which was established two years later in 
North Carolina. Its staff consisted of a director, who 
was the chemist of the state board of agriculture, 
and three assistant chemists. Like the Connecticut 
station, its work for several years consisted principally 
of its analyses of soils, fertilizers and foods and the 
examination of seeds. 

In his first repoi-t Director Ledeaux says: “The 
Board of Agriculture has wisely refrained hitherto 
from ordering any field tests to be made at the station 
for the following reasons: (1) These experiments are 
very expensive. (2) They need to be conducted 
through a series of successive years to be worth any¬ 
thing. (3) Owing to the extreme diversity of soils in 
this state most results obtained would only benefit 
those farmeis w^ho lived near Chapel Hill, or had soil 
of similar character to ours.” 

The above statement is also repeated in the third 
annual report. 

With a change m station directors the fourth year, 
we find the new director saying in his annual repori: 
“Experience shows that chemical manures are used to 
best advantage only when their application is deter¬ 
mined strictly by the results of experiments upon the 
land.” However, no pennanent field experiment! 
were started by the North Carolina station until four 
years later, when a “strictly scientific station, not a 
model farm,” to quote the language of Director Dab¬ 
ney, was established. 

So much for the early setting of the agricultural 
experiment station. 

The early distrust of field experiments, as voiced by 
Jordan, when at the New York station, Ledeaux and 
others was perhaps warranted. Attempts to draw 
conclusions from one or two years' work conducted 
on land that gave every evidence of a lack of uni¬ 
formity, and without sufficient controls and replica¬ 
tions, were very properly discredited. 

At a later date—some 12 or 13 years ago—C. B. 
Lipman and Linhart, of California, gave perhaps the 
most severe criticism of field experiments made before 
or since. They concluded that “even when fertilizer 
experiments were properly planned and the results 
adequately studied by statistical methods, our present 
knowledge of the enormous variability of all soils and 
plants renders the data from any given fertilizer plot 
of value only on that plot, no matter how near the ex¬ 
perimental one.” And Lipman further ooncludoe that, 
such experiments are not worth “tie large expenditure j 
of money, time and energy involved.” 


In view of these and other criticisms of field plot 
work, the question arises, what is the attitude of pres¬ 
ent-day experiment station workers toward field plot 
experimentation 7 In order to secure definite informa¬ 
tion regarding this matter the following question was 
submitted to the agronomists of 15 representative ex¬ 
periment stations: “Wliat has been the trend regard¬ 
ing field plot experimentation at your experiment sta¬ 
tion during the last 25 years? Has your station been 
increasing or decreasing this line of work m your 
state?” 

These agronomists responded as follows: 

From the Connecticut station: “There has been a 
marked increase in the amount of field plot work at 
this station during the last 25 years. In spite of the 
many weaknesses inherent in field plot work, still it 
can not be entirely dispensed with, and while our 
greenhouse and laboratory studies have also expanded 
we expect to continue field work.” 

From the North Carolina station: “During the past 
36 years there has been a material increase in field 
plot experiments in this state.” 

From the California station: “In general our field 
plot work has increased c[uite materially during the 
past 25 years.” 

From the Kentucky station: “Twenty-five years 
ago this station had very little field plot work. At the 
present time we have in soil management, fertilizer 
and crops work approximately 2,900 plots. We do 
not have any sympathy with the idea prevailing in 
some quarters that field work has little or no value.” 

From the Michigan station: “The number of field 
plot experiments has greatly increased in recent years. 
We are very much interested in greenhouse experi¬ 
ments and laboratory studies. However to our mind 
the final test is the result given under actual field con¬ 
ditions.” 

From the Kansas station: “The general trend in 
this state at the present time is to increase the use of 
field plots in our soils experimental work. We believe 
that some types of work may be done successfully on 
very small areas and under greenhouse and laboratory 
conditions, but that field plots are also essential in 
many phases of our work.” 

From the Alabama station: “We have very defi¬ 
nitely increased our experimental work using field 
plots as a means of securing more or less practical an¬ 
swers to more or less practical questions. It is our 
opinion that there is no other way to secure answers 
to many of our most important questions except 
through the use of field plots.” 

From the Minnesota station: ^^innesota has greatly 
increased the plot work with soils and crops out in the 
state, both on the sub-stations and on fields leased by 
the university. On the university farm plot work htm 
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been decreased as this soil represents only a very small 
part of the state.” 

From the Tennessee station: have quite materi¬ 

ally increased our plot work in the last 25 years, I 
consider work of this kind very important; in fact I 
would not know how to get along without it.” 

Prom the Wisconsin station: **Our faith in the value 
of the field plot as a medium of experimentation is 
increasing rather than decreasing. The trend, how¬ 
ever, is more and more in the direction of a combina¬ 
tion of field, greenhouse and laboratory work.” 

From the New York station (Ithaca): “The soil at 
Ithaca lacks uniformity to a rather unusual degree. 
This difficulty has led us to substitute what wo call 
‘frames^ for ordinary field plots. We also use the 
greenhouse for certain experiments, but I think that 
the extent to which a greenhouse may be substituted 
for field experiments is rather limited. We have not 
curtailed in any way the work on our outlying experi¬ 
ment fields.” 

‘ From the Illinois station: “The trend in plot exper¬ 
imentation was distinctly upward until the cost of 
operation began to be almost unbearable. We had our 
peak in the number of crops and soils fields in 1919— 
forty fields. I suspect tlie number will be smaller than 
it has been in the past. We are emphasizing our lab¬ 
oratory research more than used to be the case. We 
must find a good balance between the two.” 

Prom the Indiana station: “During the last 25 years 
the field plot experimental work of this station has in¬ 
creased many fold. All our experience tends to 
strengthen the view that the results of carefully con¬ 
ducted and long-continued experiments on a reason¬ 
ably representative field of any distinct type of soil 
will apply to other areas of the same type wherever 
found under similar climatic conditions. We hope to 
add to our permanent experimental fields until we 
have one on every important soil type in the state.” 

From the Iowa station: “The area on which we 
are now carrjdug experiments is five or six times os 
large as formerly. Too much emphasis can not be 
put on the value of field plot experimental work in 
soils and crops.” 

From the Pennsylvania station: “There has been a 
continued increase in our field plot experiments year 
by year up to the present time.” 

Such is the testimony of representative agronomists 
of the United States. 

The greater use which is apparently being made of 
field plots in the solution of soils and crops problems, 
as indicated above, is probably in large part due to 
improved methods in field experimentation. With 
more replications and controls, with a greater ap¬ 
preciation of the possibility of experimental error 
end n technique adapted to the measurement of such 


error, results are being secured to-day that were not 
to be had in some of the earlier work. 

Not only have methods been improved in field plot 
experimentation, but there has been a general refine¬ 
ment in methods along all lines. 

It is not BO long ago that our workers with animals 
were content to use from one to five animals in feed¬ 
ing tests and to draw conclusions therefrom regarding 
rations and gains. Now, from 20 to 100 animals on 
each ration are regarded as quite essential, and the 
work must be repeated several times. Numbers, 
replications and controls are exceedingly important. 

There is, I think, a rapidly growing tendency to 
break down departmental lines in research institutions 
in joint attacks upon research problems, both in plan¬ 
ning and carrying them forward. Much more valu¬ 
able results are to be had from such cooperation. 
And similar cooperative attacks may be and are being 
carried on between different experiment stations and 
between state stations and the Federal department of 
agriculture. 

While many of our experiment stations got under 
way without any help from the Federal Government, 
the Hatch Act of 1887, the Adams Act of 1906 and 
the Purnell Act of 1925 have prtjved a great stimulus 
to research work. In the expenditure of Adams funds 
a higher type of research was insisted upon. 

Some 7 per cent, of the projects of the agricultural 
experiment stations of the United States is listed by 
the Office ot Experiment Stations as Adams projects, 
and 12 per cent, as Pumcll projects. The latter act 
especially encouraged research in agricultural eco¬ 
nomies, home economics and niral sociology. Ap¬ 
proximately one half of the projects supported by 
Purnell funds are in these three lines of work. 

The field of the agricultural experiment station is 
an ever broadening one. Beginning largely in an 
effort to protect the agricultural public from fraudu¬ 
lent practices in the manufacture and sale of commer¬ 
cial fertilizers, feed stuffs, seeds, etc., the experiment 
station has taken over the vast fields of soils and 
crops, animal production, dairying, horticulture, for¬ 
estry, agricultural and biological chemistry, plant and 
animal nutrition, plant and animal pathology, eco¬ 
nomic entomology, bacteriology, genetics, agricultural 
economics, agricultural engineering, home economics, 
food technology, rural sociology, textiles and clothing. 

As one looks backward over these 50 years of ex¬ 
periment station work, he is impressed with the con¬ 
tribution the stations have made to our material prog¬ 
ress—the hundreds of new varieties of farm and hor- 
ticuhmral crops which have been developed; 

The many new legumes which have been discovered 
and introduced, some of which will be found adapted 
to our widely varying conditions; 
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The discovery and development of economic meth¬ 
ods for combatting insects and diseases which have 
made relatively certain the production of crops and 
animals which was previously a gamble; 

The improved methods of breeding and feeding all 
kinds of hvo stock for increased production in milk, 
meat and eggs; 

The economic use of commercial plant foods and 
soil amendments; 

The invention of the Babcock test and its consequent 
influence on all dairy prnclices—not to mention other 
contributions. 

Up to 10 or 12 years ago it was the fashion to 
descant upon the grave dangers confronting this coun¬ 
try and the world at large from our rapidly growing 
population overtaking our production of food and 
fabric materials. We hear none of this to-day. 


Tk n, jib* iw 

But back of and leading up to these practical re¬ 
sults are more permanent contributions to our funda¬ 
mental knowledge which will bear fruit in the decades 
to come, for our experiment stations have not been 
content with knowing 'Vhat,” but have pressed on to 
the ‘‘how'^ and the ‘‘why.*' 

What of the future? 

The flnancial situation in which many of our ex¬ 
periment stations now And themselves is discouraging. 
A reduction of state appropriations is very general. 
What course Federal appropriations will take is un¬ 
certain at this writing, but in spite of our tremendous 
financial depression it is hardly conceivable that the 
Federal Gk)veminent will scrap an organization '^ich 
it has been slowly building up for the last 40 years. 

A reasonable support of these institutions would 
seem to be assured. 


QUANTUM MECHANICS AND CHEMISTRY 
WITH PARTICULAR REFERENCE TO 
REACTIONS INVOLVING CON¬ 
JUGATE DOUBLE BONDS^ 

By Dr. HENRY EYEING 

mCK OHKMICAL LABOBATOEY, PBINCIKPON UNIVBaSITy 


The universally accepted conception of atoms as 
positive nuclei surrounded by electrons make it 
obvious that some sort of mechanics of such particles 
will properly describe their chemical behavior. The 
success of quantum mechanics in atomic physics 
where it gives quantitative agreement with experiment 
shows us clearly enough the general means to be em¬ 
ployed. From this point of view it is convenient to 
regard the Schrodinger equation as our point of de¬ 
parture. Among the solutions of the Sebrodinger 
equation which satisfy the supplementary quantum 
conditions only those which in addition obey the 
Pauli principle, i.e., only those solutions which change 
sign when two identical particles are interchanged 
need be considered as having physical reality. Our 
scheme, though complete, is still much too difficult to 
proceed with. We must find other simplifying condi¬ 
tions. The first simplification is a familiar one. Be¬ 
cause of the much greater mass of atoms than elec¬ 
trons the atoms travel relatively much more slowly 
so that in calculating the potential energy of any 
system from the Sebrodinger equation we neglect the 
motion of the atoms without introducing serious error. 
The result is that we obtain a potential energy for the 

1 Based on a paper presented before the Section of 
Chemistry of the American Association for the Advance¬ 
ment of Science at its Atlantio Oit^ meetdng for which 
the anunal prize of the association was awarded. 
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system under consideration as a function of the dis¬ 
tance between the atoms, and this, as we shall soon 
see, provides just the necessary information for 
estimating rates of reactions. London was the first 
to point out that such a scheme probably provided a 
way for calculating activation energies. We next 
consider the nature of an activation energy. Consider 
the reaction = 2HL This is a well-known 

bimoleeular reaction. For the rate of formation of 
HI, we can write 


d(HI) 
dt - * ® 


(H,) (I.). 


The parenthesis around a formula indicates the con- 
oentration of that substance. Thus S (H,) (I^) is 
the number of collisions between molecules of hydro¬ 
gen and iodine in concentration units and can be 
calculated from kinetic theory, while the expression 
^ chance that in a particular collision the 
two molecules collide with an energy E in a form to 
permit reaction. The energy E is called the aetivatioit 
energy and has for this reaction a value of 40,000 
calories. The precision of activation energy measure¬ 
ments is seldom better than one large ealorie; sO 
that activation energies are ordinarily speeifled in 
large calories. The proper fraction f in our rntS; 
expreesion approaches one for most temple 
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* It 18 Bteric factor which meosureB the probability of 
a oolliflioa being of a kind to permit reaction even 
though it is Bufficiently energetic. The variations in 
f for different reactions is of a different order of 
magnitude than the variation in so that by far 

the most important quantity in determining rates of 
reactions is the activation energy. Similar considera¬ 
tions hold for other types of reactions, so that if we 
can calculate the activation energy for the different 
mechanisms we are able to answer the very interesting 
question as to which way the reaction will proceed. 
For example, the reaction just considered might pro¬ 
ceed by the alternative mechanism, 

Ij = 2I 

i + n,=Hi + H 
H+ I, = HI + I, 

But both theory and experiment agree in preferring 
the mechanism Hjj+Ig=:2HI, while for the reaction 
of the other halogens with hydrogen, os well as in 
the conversion of ortho to para hydrogen, they again 
agree in indicating reaction by way of the atoms. In 
the border line case of the reaction of hydrogen with 
bromine, obtaining the correct results depends some¬ 
what on the ossximed ratio of coulombic to interchange 
landing, Tlio other cases give results so clear cut 
as to be independent of assumed ratios of inter¬ 
change to coulombic binding. The fact that the cal¬ 
culations indicate that fluorine should not react with 
hydrogen at room temperatures seems to liave at¬ 
tracted considerable attention, probably because of the 
early erroneous experiments widely quoted in the 
literature. Experiments of von Wartenburg, as well 
as some unpublished experimental results of Kassel 
and the author, leave no question of the chemical in¬ 
ertness of the mixture in diffuse daylight at ordinary 
temperatures. As a matter of fact, the contrary result 
would be startling when one considers the strong 
homopolar bonds to be broken. There is certainly a 
correlation between increase in the strength of the 
bonds to be broken and increase in the activation 
energy of a reaction. This was noted experimentally 
and follows as a matter of course from our theoretical 
calculations, 

Before proceeding further with a discussion of our 
results it is perhaps well to consider in a little more 
detail the method of calculation. The coulombic por¬ 
tion of the energy of a homopolar bond between a 
pair of atoxfts increases fixim 10 per cent in the case 
of non-metals like hydrogen to 28 per cent in the 
case of metals like sodium and is independent of the 
praaenoe of other atoms. That is to say, the attrac¬ 
tive potential just adds up for all atom pairs, no 
how many atoms are in the neighborhood of 
a;|^ven iMom. The remaining part of the bonds, called 
iiiterehani^ binding, add up quite differently. 


The laws of addition up to and including eight elec¬ 
trons are now known as a result of investigations in 
this and other research centers and the indeflnite ex¬ 
tension to larger numbers of atoms only awaits a real 
need. The extension offers no more difficulty than 
that of being very tedious. The evaluation of thf 
coulombic and interchange binding between atom 
pairs as a function of the distance between the atoms 
is accomplished by reference to curves constructed 
from spectroscopic constants. Empirical Morse curves 
are at present the most convenient for this purpose. 
Knowing the amounts of interchange and coulombic 
binding and the laws of addition it is then a simple 
matter to calculate the energy of any configuration, 
and so construct a surface which enables us to fol¬ 
low the mechanism of approach of two molecules until 
they reach a point where new bonds are as strong 
as old ones and we find a new pairing of the atoms 
taking place. Such potential surfaces in the simple 
eases involving three atoms consist of two long val¬ 
leys corresponding U> configurations of the initial and 
final substances separated by a saddle over which 
the system must pass. The height of this saddle mea¬ 
sured from the initial valley floor is the activation 
energy for the forward reaction. For tlie reverse re¬ 
action the activation energy is measured from the 
floor of the other valley. The heat of reaction is of 
course the difference in the lieigbts of the valley floors. 
In case of a reaction such as the unimolecuiar decom¬ 
position of NgO the indial region is a basin instead 
of a valley separated as before by a saddle from 
the final valley or valleys. The study of the kinetics 
of this reaction simply involves the study of n mass 
point on such a surface. Because of a change in 
multiplicity in the decoinjiosition of NgO the reaction 
surface is a composite of two intersecting surfaces 
and some attention must be given to transition at 
the junction. With molecules containing more atoms, 
more dimensions are required for our surface, but the 
essential problem of finding the height of a saddle 
value measured from a valley or basin remains. In 
my first paper, with Professor Polanyi, these methods 
applied to the reaction between a hydrogen atom and 
a hydrogen molecule gave results in good agreement 
with the experimental activation energy found by A, 
Farkas. 

Pelzer and Wigner, then, carrying the matter 
further, were able to show that the rates calculated, 
entirely theoretically, were in very good agreement 
with experiment;, so that apparently in the reaction 
of a hydrogen atom with a hydrogen molecule we have 
for tfhe first term a rather satisfactory detailed picture 
of a reaction. 

In cooperation with Mr. A. Sherman thede methods 
were then applied to the reaction in which the con- 



160 


aCIENCB 


Vou 77, No. IW 


version of ortho to para hydrogen takes place on a 
surface. Again, so far as we can now judge, we find 
agreement with experiment. The process seems to be 
one in which a hydrogen molecule is split into atoms 
by two surface carbon atoms which are abnormally 
far apart, each hydrogen atom becoming attached to 
a surface atom. These hydrogen atoms are now apt 
to leave the surface with a different but similarly 
situated hydrogen atom by the reverse of the absorp¬ 
tion process. The conversion is thus completed. The 
result that for the greatest ease of activated adsorp¬ 
tion the carlion atoms should bo from four to five times 
as far apart as the normal distance between the 
hydrogen atoms is a rather striking part of this pic¬ 
ture. This would be achieved in lattices in which 
some positions are vacant and we should therefore 
expect the instability to heat treatment customarily 
found with very active surfaces. Since a particular 
distance of surface atoms favors adsorption of a 
particular type of molecule, preferential adsorption 
is to be expected. These calculations indicate that 
the conception sometimes held, that an equal distance 
between surface atoms and the atoms in the gaseous 
molecule favors activated adsorption, should be 
abandoned. 

With Dr. Kimball an examination was made of the 
proposed mechanism for the hydrogen chlorine re¬ 
action 

Cl + H, + Cb = 2irCI + CI. 

The calculations indicated it to be far slower than the 
reaction 

C1 + H, = HC1-I H 

and so the first reaction could be excluded. This seems 
to be in keeping with the most recent experimental 
opinion. Similar although rougher calculations in¬ 
dicated that water should not be helpful in this re¬ 
action which apparently contradicted experimental 
findings at the time but is apparently at present in 
agreement with experimental findings. 

In a paper appearing this month in the Proceed¬ 
ings of the Nalional Acatlemy it is pointed out that 
the difference in zero point energy for compounds of 
two isotopes makes the lighter isotope more reactive, 
and so should assist in their separation. Whether or 
not this is the principal factor in enabling Dr. E. W. 
Washburn to preferentially electrolyze away the 
lighter isotope from water remains to be seen. 


We thus bring to a new problem a eonsiderable * 
confidence in the essential correctness of our method. 
It was with this background that we considered the 
additions of hydrogen and bromine to butadiene. The 
details of the calculations together with certain ex¬ 
tensions will bo published elsewhere as a joint paper 
with Mr. Albert Sherman and Dr. George E, Kimball. 
The addition of bromine may be expected to occur in 
either of two ways: 

Bra + II, C ^ CH - CH = CH, BrHaC - CH = CH - CH3r 

BrHiC - OHBr - OH = CH:. 

Taking explicitly into account in both cases the six 
electrons which change partners in the first reaction 
and using simply the methods already outlined we 
find for the first reaction an activation energy of 36.4 
kilo calories, for the second an activation energy of 
52 kilo calories. It thus seems sufficiently clear why 
1--4 addition is to be expected. The sort of thing 
which might cause 1-2 addition to be preferred of 
course is to substitute for a hydrogen on 4 some 
group that introduces large steric effects. We hope 
to return to this aspect of the problem in the not too 
distant future. If the same calculations are made for 
the substitution of hydrogen to butadiene the activa¬ 
tion energy for 1-4 addition is found to be 77 kilo 
calories and for 1-2, 113. Emphasis is of course not 
to be placed on the exact value of our figures, but 
their relative correctness seems reliable. The size of 
the calculated activation energies indicates, certainly 
in the case of hydrogen, that any addition can only 
occur catalytically. In the case of the addition of 
bromine the indication is less clear cut that the re¬ 
action must go by way of surfaces, but it certainly 
should be examined from that point of view. The 
factors which favor 1-4 addition in the gas phase will 
of course be less important for catalyzed reactions. 

The significant point again seems to be at least 
qualitative agreement between theory and experiment. 
Very much remains to be done in the way of examin¬ 
ing more closely the underlying approximations of 
this method with the idea of obtaining more precise 
results; but apparently even in its present unfinished 
form we have a surprisingly powerful tool with which 
to attack the almost endless variety of problems of 
chemical mechanism. Something is also gained by 
having a scheme into which the multitudinous experi¬ 
mental results may be fitted. 


OBITUARY 


DR. WILLIAM ARNON HENRY 

Dr. William Arnon Henry, one of the outstand¬ 
ing pioneers in the development of agricultural in¬ 
struction, research and extension in this country, died 


at his home in San Diego, California, on November 
24, 1932, from an attack of pneumonia, 

The life story of Dean Henry, as he was usually 
called, is one to inspire youth and is typically Ameri^" 
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can. Born on a farm near Norwalk, Ohio, on June 
16, 1850, he waa still in his early teens when his 
father was called into the Union army. Heavy re¬ 
sponsibilities then fell upon the boy, which undoubt¬ 
edly aided much in developing the great capacity for 
work which later characterized him. After a period 
of study in Ohio Wesleyan University, he had to 
interrupt his course to earn money by teaching school. 
He then entered the course in agriculture at Cornell 
University and through supplementing the funds he 
had saved, by doing whatever work he could find, he 
completed his course in 1880 and received the B.S. 
degree. 

Immediately after graduation ho was selected to 
take the position of professor of botany and agricul¬ 
ture at the University of Wisconsin. The **and agri¬ 
culture’* part of his title meant little, for there was no 
agricultural college, no experiment station and not 
even a department of agriculture in the university. 
He was to take charge of the university farm, which 
was badly run down, and to endeavor to develop 
the agricultural work so it would serv’e the farmers of 
the state. 

Henry’s career furnishes an outstanding example of 
a man whose far-sighted vision and keen judgment 
led him to make a radical change from his first spe¬ 
cialty. Though trained as a botanist and horticultur¬ 
ist, when he became acquainted with Wisconsin con¬ 
ditions, he became convinced that live-stock farming 
and especially dairying offered the most general pos¬ 
sibilities for success. He therefore threw liis great 
energy into the development of dairying and other 
phases of the live-stock industry. Not only was his 
work one of the important factors in the development 
which made Wisconsin the leading dairy state, but 
also he gained an international reputation as an 
authority on live-stock feeding. He was granted 
honorary doctor’s degrees by the University of Illinois, 
the University of Vermont and Michigan Agricultural 
College in recognition of his accomplishments and his 
services to agriculture. 

At first Heniy had practically no funds for re¬ 
search and indeed all facilities were most meager. 
With his magnetic personality, he soon interested some 
of the legislators in his work and secured a modest 
appropriation for investigations on the ensilage of 
fodders and the manufacture of cane-sugar from 
sorghum cane. This is of especial interest because it 
wajB the first definite state appropriation for research 
at the university. Henry later delighted in telling 
how one of the legislative leaders leaned across the 
aisle when the appropriation was under discussion, and 
remarked to his boon companion, “Let’s kill this pup 
before it gets to be a dog.” Only because of Henry’s 
luslpirational zeal and enthusiasm was he able to con¬ 


vince the legislators that it was wise public policy for 
the state to support agricultural investigations. 

The investigations begun under this appropriation 
were instrumental in convincing fanners of the value 
of silage in live-stock feeding and resulted in there 
being more silos in Wisconsin than in any other state. 
Not only did ho develop the agricultural work at the 
university, but also he literally “stumped the state,” 
preaching scientific agriculture to the fanners on 
(wery possibility and winning them by his personality 
and clearly stated facts. Undoubtedly it was Henry 
who first “sold” the agricultural college and the uni¬ 
versity as well to tlie people of the state. He focused 
attention on the possibilities of the university as a 
service agency for the whole citizenry, using every 
means at his command—lectures, bulletins, press 
articles and interviews. 

In these early days very few students were en- 
ixilled in the regular university courses in agriculture. 
Therefore, in an endeavor to interest farm boys in 
agricultural instruction, there was begun in 1886 
under Henry’s direction the first agricultural short 
course in America. The idea of giving at a university 
practical instruction to students who were not grad-, 
uates of a secondary school met with ridicule and 
.scorn on the part of many educators, but the short 
course was exceedingly successful and a somewhat 
similar plan has been udojited in practically every 
state. 

He saw dc an early date that an accurate and simple 
teat for the butter fat in milk was urgently needed 
by the dairy industry, and stimulated the late Dr. 
S. M. Babcock to undertake the investigations which 
led to the invention of the well-known Babcock 
test in 1890. The same year he started the first dairy 
course in America in which practical instruction was 
given in the testing and manufactui*e of dairy prod¬ 
ucts. 

Burdened with numerous and exacting administra¬ 
tive and teaching duties, nevertheless he found time 
for research on many problems in animal production 
which were both of practical and scientific importance. 
He was among the earliest to study the effect upon 
the growth and development of farm animals of 
rations ample and deficient in protein and in minerals; 
the value of silage for live stock; the effect of various 
methods of preparing feeds for swine, and the value 
and -use of dairy by-products in stock feeding. In his 
writings and addresses be continually emphasized the 
importance of efficiency in farming and lie was a firm 
advocate of cooperative effort among farmers. As an 
author, Henry’s lasting fame rests on “Feeds and 
Feeding,” which for thirty-four years has been the 
most widely used text and reference work on live¬ 
stock feeding in the English language and is now in 
the 19th edition. 
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Energetic to the extreme, he never spared himself, 
but gave every ounce of his strength to the upbuilding 
of the agriculture of his state. Due primarily to thia, 
his health at last broke under the strain, and in 1907 
he retired from his university duties. 

Pew know that Henry was to a considerable degree 
respozisible for the passage of the parcel post bill io 
1912. Convinced of the value of parcel post to 
farmers, Henry worked for months in advocating the 
legislation. Appreciating the value of concerted 
action, he wrote to the agricultural editors of the, 
country and asked them to announce a “Parcel PoEit 
Day^' on March 1, 1912. On this day, all who wer^ 
in favor of parcel post were asked to write their 
congressmen personal letters. As a result, the lawj 
makers at Washington were fairly deluged with d 
mouutain of mail from all the rural districts. 

After his retirement Henry spent considerable timft 
in Connecticut, developing a large fruit farm with 
his only son, Amon T. Henry. Later he took much 
pleasure in collecting rare plants for his residency 
on the west coast of Florida, and for the last severajl 
years resided in San Diego, where he indulged hi3 
early interest in horticulture and botany. 

Frank B. Morrison ‘ 

Cornell University » 

RECENT DEATHS 

Eugene E. Haskell, consulting hydraulic engineer, 
dean of the College of Civil Engineering at Cornell j 
University from*1906 to 1921, when he retired with/ 
the title of professor emeritus, died on January 28, at | 
the age of seventy-seven years. ? 

Proi/’Essoi? Wu.liam Lispbnabd Robb, head of the 
department of electrical engineering at Rensselaerj 
Polytechnic Institute since 1902, died on January 20,^ 
at the age of seventy-one years. j 

Dr. William Philups Graves, professor of gyne¬ 
cology at Harvard Medical School since 1911, died on? 
January 25, at the age of sixty-three years. 5 

3 

Dr. ViC'roB Sterki, assistant curator of zoology ini^ 
the Carnegie Museum, Pittsburgh, died on Januaiy^' 

\ 


25, at the age of eighty-aix years. The Steocki ed- 
lection of mollusoa will be deposited in the museum. 

Sir William Taylor, president of the Royal Acad¬ 
emy of Medicine in Ireland since 1927, died suddenly 
on January 29, at the age of seventy-two years. He 
was an honorary fellow of the American College of 
Surgeons and a past president of the Association of 
Surgeons of Great Britain and Ireland. 

Dr. Mai^colm Evan MacGregor, in charge of the 
Wellcome Entomological Field Laboratories at Esher, 
Surrey, died on January 12, at the age of forty-three 
years. 

Professor Guido Tizzoni, until four years ago 
professor of general pathology at the University of 
Bologna, has died. 

The death is announced of Dr. Albert Wigand, pro¬ 
fessor of meteorology at Freiburg, and of Dr. Karl 
Kreibich, professor of dermatology at the German 
University at Prague. 

Dr. Heinrich Maunkopp died on December 20, 
1932, aged forty years. He was a chief of division at 
the Prussian Geodetic Institute in Potsdam and Do- 
zent at the Technische Hochschule in Berlin. Volume 
VI of the Publications of the International Latitude 
Service was recently completed and published under 
his direction. He succeeded Albrecht and Wonach in 
the work of the Latitude Service. 

A CORBEBPONDENT writes: “Miss Julia Irene Good¬ 
rich, known to many hundreds of biologists through 
the assistance she gave them in getting settled on 
their first arrival at Cold Spring Harbor, died Janu¬ 
ary 21, at the age of fifty-seven years. Miss Good¬ 
rich was for twenty-seven years secretary to the di¬ 
rector of what is now the department of genetics. 
She graduated from Smith College, showing esperial 
proficiency in the classics and languages in general, 
like hei'uncle Chauncey Goodrich, who compiled a 
Chinese dictionary and translated the Bible into Chi¬ 
nese, and his son, L. C. Goodrich, lecturer in Chi¬ 
nese at Columbia University, Another uncle was 
professor of Latin at the University of Vermont She 
was a member of the American Association for the 
Advancement of Science.” 


SCIENTIF.tC EVENTS 


CONFERENCE ON SPECTROSCOPY AT THE. 

MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 

The Massachusetts Institute of Technology an ¬ 
nounces a Summer Conference in Spectroscopy im 
connection with its new Spectroscopy liaboratoryS' 
The arrangements are in charge of Professor George!*- 
R. Harrison, and it is hoped that such a oonferenc«ii‘ 


may become an annual summer event. On aceount 
of the air conditioning of the laboratory and 
availability of summer cottages within oommating^ 
distance on the shore, this conference makes possible 
a combination of summer vacation with interesting^' 
scientific work under comfortable conditions. 

The research faeilities embrace five geoend M 
jeots (1) quantitative measurmont of 
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tensUicBi (2) meatiuremeat of hyperfine structure, 

(3) analysis of spectrum series, especially with the 
aid of the newly developed mechanical analyzer, 

(4) vacuum spectroscopy of the ultra-violet, (5) quan¬ 
titative chemical analysis by spectroscopic methods. 
In all these fields the laboratory possesses unexcelled, 
and in the second and fourth fields, unique, facilities. 
In addition to opportunities for conference and re¬ 
search, there will be graduate courses in spectroscopy, 
atomic and molecular structure and related subjects. 

The plans provide for three groups: (1) scientists 
of recognized achievements in the field of spectros¬ 
copy, who will be guests of the laboratory, (2) grad¬ 
uate students who will be expected to pay moderate 
tuition fees, (3) industrial organizations wMch may 
send qualified representatives to work on spectro¬ 
scopic problems of chemical analysis, or which may 
submit problems to be worked on by industrial re¬ 
search fellows under supervision of the laboratory 
staff, in accordance with contracts to be made with 
the Institute’s Division of Industrial Cooperation. 

Requests for information in regard to facilities or 
summer living arrangements and applications for 
admission to these activities should be addressed to 
Professor George R. Harrison, Department of Physics, 
Massachusetts Institute of Technology, Cambridge, 
Massachusetts. 

THE FIFTH UNIVERSITY OF MICHIGAN 
GREENLAND EXPEDITION 

The Fifth University of Michigan Greenland Ex¬ 
pedition is included among the Second Polar Year 
Expeditions of 1932-33. This expedition is directed 
by Professor Ralph L. Belknap, who was second-in- 
command on earlier Michigan expeditions. With 
Evans S. Sohmeling, aerologist, and Herbert Gardner, 
photographer and botanist, he sailed for Greenland 
on the Morrissey, Captain Robert A. Bartlett, master, 
which too^ the Peary Memorial Expedition to North 
Greenland last summer. His companions were landed 
with the supplies of the expedition on the neck of 
the Upper Nugssuak Peninsula in latitude 74°, while 
Dr. Belknap proceeded to Cape York to act as con¬ 
struction engineer in the erection of the Peary Shaft. 

The expedition base is much the sitme as that of the 
Cornell Expedition more than thirty years ago and 
the station is located near the front of the Cornell 
Glacier outlet. Dr. Belknap, the director, rejoined 
his expedition on August 31 and the lumber used in 
ereetion of the Peary Shaft was then used to build 
the hut of the expedition, which has been named Peary 
Xiodge. On September 18, Max Demorest, assistant 
«4rologi$t| and Hansen, radio operator, mth addi¬ 
tional supplies, arrived from Upemivik on the little 
/ipotor sloop 8<$ekn, The Saelen, carrying letters on 
vras trreeked with the loss of all on board. 


so that relatively meager reports from Dr. Belknap 
have been received up to the present. However, a 
number of radio messages, relayed through various 
amateur stations, have indicated that the party is 
well, and that scientific work, particularly that in 
aerology, has been proceeding satisfactorily. The 
winter night, which arrived in early November, has 
since that time interfered with the upper-air studies. 

When in February or March the light becomes 
better Dr. Belknap plans to make a somewhat ex¬ 
tended penetration by dog sled of the inland ice and 
carry out various scientific studies including the 
upper air and sounding of the glacier. The expedi¬ 
tion is expected to return in early October. 

William II. Hobbs 

THE FIFTH PACIFIC SCIENCE CONGRESS 

Announcement has been made recently by the Na¬ 
tional Re.search Council of Canada that plans have 
been resumed for holding in the coming summer the 
Fifth Pacific Science Congress, which it had been 
originally planned to hold last May. This congress 
will convene in Victoria and Vancouver, British Co¬ 
lumbia, between the dates June 1 and 14, 1933. Dur¬ 
ing the week following the sessions of the congress, 
excursions will be conducted through the western part 
of Canada. 

The purpose of this scries of congresses is to give 
opportunity for the discussion of scientific problems 
relating to the Pacific area, and to plan for the ad¬ 
vancement of research upon these problems through 
the coordinated efforts of research institutions in the 
countries within the Pacific region. Previous con¬ 
gresses were held in Honolulu (1920), Sydney and 
Melbourne (1923), Tokyo (1926), and Batavia and 
Buitenzorg (1929). The congresses are organized 
under the immediate auspices of the National Re¬ 
search Council or corresponding scientific body in the 
country in which they are held, and are under the 
general sponsorship of the Pacific Science Associa¬ 
tion, which comprises scientific organizations from 
fourteen of the Pacific countries. 

The program of the congress this year will include 
a series of general symposia upon the recent applica¬ 
tions of science in forestry, agriculture and fisheries, 
also a general symposium i^on the geological signifi¬ 
cance of the fiords in lands bordering on the Pacific 
Ocean, and a symposium for a discussion of the 
origin and antiquity of the American aborigines. 
Other sessions of the congress will be arranged in two^ 
general groups, one for the biological sciences and 
one for the physical sciences. In the former, provi- 
sioir will be made for the discussion of problems re¬ 
lating to agriculture, anthropology and ethnology,, 
animal diseases, public health, botany and plant pa¬ 
thology, forestry, zoology, entomology and fisheries. 
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In the group for the physical sciences provision will 
be made for the discussion of problems of astronomy, 
geodesy and geography, geology and mineral re^ 
sources, seismology and ^volcanology, oceanography, 
meteorology and terrestrial magnetism, and radio 
communications. The contributions to the program 
of the congress will consist mainly of specially invited 
papers. 

The Government of the United States has been in¬ 
vited by His MajestyGovernment in Canada to par¬ 
ticipate in this congr<*ss by the appointment of 
twenty-five official delegates to the congress from this 
country. These delegates will lie named i)y the gov¬ 
ernment. In addition the National Research Council 
of the United States has been authonzed to extend an 
invitation to the learned organizations and institu¬ 
tions in this country to participate in the congress. 
Universities, societies and research institutions which 
may wish to appoint representatives to attend this 
congress are requested to communicate with the Na¬ 
tional Research Council. 

W. n. HowELn, 

Chairman, National Research Council 

ENGINEERING WEEK AT CHICAGO 

Plans for the conference of engineers at Chicago, 
during Engineering Week, June 25 to 30, which is 
being sponsored by the Century of Progress Exposi¬ 
tion, are making progress. Education will be an im¬ 
portant theme of the conference, with the Society for 
the Promotion of Engineering Education taking an 
important part. In addition to ite sessions some 
twenty of the national engineering societies will par¬ 
ticipate with sectional and national meetings. 

On Sunday evening, June 25, when Engineering 
Week opens officially, the International Union of 
Pure and Applied Physics will have a joint session 
with Section M of tlie American Association for the 
Advancement of Science. A number of the engineer¬ 
ing societies will participate with a program which is 
being arranged on the ‘^Application of Physics to 
Engineering*' by Dr. R. A. Millikan. On the evening 
of June 27, A. P. M. Fleming and H. Gough, of 
England, will address a similar joint session on **The 
Industrial Developments of the Century.” 

In addition to the individual activities of the various 
groups during the week, there will be a joint confer¬ 
ence on Engineers Day. The program for this day 
includes a banquet at the Hotel Stevens. It is ex¬ 
pected that there will be an attendance of more than 
3,000. The program, which is not yet ready for an¬ 
nouncement, will include addresses by distinguished 
American and foreign scientific men and engineers. 

In addition to the educational exhibits at the 
Century of Progress Exposition, the sixth Midwest 


Engineering and Power Exposition will be held at 
the Coliseum during that week. At this exposition 
some 300 manufacturers will exhibit the latest devel¬ 
opments in steam-generating equipment for power and 
process purposes. In addition there will be a wide 
range of equipment such as heating and air condition¬ 
ing apparatus, water treatment and softeners for 
swimming pools and many other items of interest to 
engineers and supenntendents of schools. 

AWARD OF THE NICHOLS MEDAL 

Award of the William II. Nichols Medal of the 
New York Section of the American Chemical Society 
for 1933 to Dr. Wilder D. Bancroft, professor of 
physical chemistry at Cornell University, has been an¬ 
nounced by Dr. Walter S. Landis, chairman of the 
Medal Committee. The medal will bo presented at a 
meeting of the New York Section in the Electrical In¬ 
stitute Auditorium, Grand Central Palace, on March 
10. ‘Trotein .Therapy” will be the subject of Pro¬ 
fessor Bancroft's medal address. Other speakers will 
be Professor W. Lash Miller, of the University of 
Toronto, who will narrate the achievements of Pro¬ 
fessor Bancroft, and Dr. Charles L. Parsons, of 
Washington, D. C., secretary of the American Chem¬ 
ical Society, who will discuss the personal aspects of 
Professor Bancroft's career. J-)r. Victor K. LaMer, 
professor of chemistry in Columbia University and 
chairman of the New York Section, will preside. 

In announcing the award Professor Bancroft's 
work is described as follows: 

ProfcHHor Bancroft's reaearchos are derived from the 
work of Claude Bernard, French physiologist who sixty 
years ago advanced the view that anesthesia was due to 
a reversible coagulation of some of the proteins of the 
brain and of the sensory nerves. Altliough biologists, 
physiologists and medical men rejected Bernard's view, 
Professor Bancroft has demonstrated th^t it is of 

enormous importance in physiology, pharmacology and 
medicine.'' 

Professor Bancroft's general conclusions are that in 
some forms of insanity a coagulation of brain and nerve 
protein occurs. In others, protein dispersion takes place. 
He points out that in manic depression and epilepsy a 
slight coagulation of protein has taken place in either 
all or a part of the brain. Therefore, he concludes that 
a chemical agent which has the opposite effect on pro¬ 
teins should work toward a cure. 

Through the use of these methods, Professor Bancroft's 
researches have indicated that the use of sodium rhoda¬ 
nate may cure narcotic addiction and that it may also 
be employed eventually as a treatment for hay fever, 
the brain is permanently abnormal," aoeording 
to Professor Bancroft, ''the thinking will be abnormal 
also and the patient will be called insane. The brain 
con be abnormal in two ways, by being too puckered or 
by being too mushy. There must therefore be two types 
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of insanity, a puckered type which will be helped by exist and can be helped in this way. Manic depressives * 
sodium rhodanate and a mushy type which will be helped and epileptics are of the puckered type; dementia praecox 
by an anesthetic such as sodium amytal. These two types catatonics are of the mushy type. ’ ’ 


SCIENTIFIC NOTES AND NEWS 


Dr. Albert Einstein, who sails for Europe on 
March 15, will be the guest of honor at a dinner, 
given by friends of the Hebrew University in Jeru¬ 
salem, at the Hotel Commodore, New York City. It 
is expected that a thousand men of science and letters 
will attend. It is planned to present to Dr. Einstein 
at the dinner a fund for the Hebrew University and 
for other organizations in which he is interested. The 
fund, it is hoped, will reach $100,000. 

The Edison Medal for 1932, awarded to Bancroft 
Qherardi, vice-president and chief engineer of the 
American Telephone and Telegraph Company, in 
recognition of his “contributions to the art of tele¬ 
phone engineering and the development of electrical 
communication,” was presented to him by the presi¬ 
dent, H. P, Charlesworth, at the recent annual con¬ 
vention in New York City of the American Institute 
of Electrical Engineers. The principal speakers were 
Dr. Gano Dunn, of New York City, and Dr. Dugald 
C. Jackson, head of the electrical department of engi¬ 
neering of the Massachusetts Institute of Technology 
and chairman of the Edison Medal committee. 

The presentation of the Alfred Noble Prize to 
Prank M. Starr, of the General Electric Company, 
was made on January 23 at the opening meeting of 
the American Society of Civil Engineers. The prize, 
an award of $500, was presented by Arthur S. Tuttle, 
vice-president of the American Society of Civil Engi¬ 
neers, which is trustee for the memorial fund created 
in 1929 by friends of Mr. Noble. The award was made 
for a published paper, “Equivalent Circuits—II.” 

Da. William Bowie, of the U. S. Coast and Geo¬ 
detic Survey, has been awarded, by the Royal Acad¬ 
emy of Belgium, the Charles Lagrange Prize in recog¬ 
nition of his having effected the complete unification 
of the triangulation systems of Canada, the United 
States and Mexico. North America is the only con¬ 
tinent having a single triangulation system. 

Merle Randall, professor of chemistry at the Uni¬ 
versity of California, has been awarded a medal of 
merit by Charles University of Prague, in recognition 
of his contributions in research and the training of 
young men for careers in chemistry. 

Dr. Gladys A. Reichard, Barnard College, Co¬ 
lumbia University, has been awarded the A. Creasy 
Morrison Prize by the New York Academy of Science 
for her monograph entitled “Melanesian Design: a 
Study of Style in Wood and Tortoise Shell Carving.” 


Dr. Emil Abdeuhalden, professor of physiology 
at Halle, has been elected an honorary member of the 
Italian Society for Experimental Biology. 

F. E. Matthes, of the United States Geological 
Survey, has been elected president for 1933 of the 
Association of American Geographers, and S. S. 
Visher, of Indiana University, vice-president. The 
secretary, F. K. Williams, of the University of Penn¬ 
sylvania, and the treasurer, 11. S. Platt, of the Uni¬ 
versity of Chicago, were reelected, 

Propbssor George C. Humphrey, of the Univer¬ 
sity of Wisconsin College of Agriculture, was recently 
elected president of the American Society of Animal 
Production. 

At the annual general meeting in London of the 
Jioyal Meteorological Society on January 18, Professor 
S, Chapman was reelected president. The Buchan 
Prize, awarded biennially for the most important 
original papers contributed to the society during *he 
previous five years, was presented to D. Brunt. 

Db. Harry Woodburn Chase, president of the Uni¬ 
versity of Illinois, previously professor of psychology 
and president of the University of North Carolina, has 
been elected chancellor of New York University to 
succeed Dr. Elmer Ellsworth Brown. 

Dr, Walter H, Evans, chief of the Division of 
Insular Stations of the Office of Experiment Stations, 
U, S. Department of Agriculture, reached the com¬ 
pulsory retirement ago on February 1. During his 
forty-one years^ service in the department, first as 
botanist and botanical editor of the Experiment Sta¬ 
tion Record, then as chief of the Division of Insular 
Stations of the Office of Experiment Stations, and 
for a time as acting chief of the office, Dr. Evans was 
responsible for establishing and developing agricul¬ 
tural experiment stations in Alaska, Hawaii, Puerto 
Rico, Guam and the Virgin Islands, and in promoting 
research, particularly in plant physiology and pathol- 
ogy, by the state experiment stations. 

Dr, Charles Weiss, formerly associate professor 
of applied baoteriology and immunology at Washing¬ 
ton University School of Medicine, has been ap¬ 
pointed director of the Clinical and Research Labora¬ 
tories of the Mount Zion Hospital, San Francisco, 
California. Ho has also been appointed associate 
professor of research medicine in tlie Hooper Foun¬ 
dation of the University of California, and consult¬ 
ing immunologist to the University of California 
Hospital. 
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Profrssob W. S. Nelmb, of the department of 
physics of Emory University, has been granted leave 
of absence for the coming spring quarter. He will 
spend the time at the University of Cambridge and 
the University of Herlin. 

Orro Dkoener, who is writing a comprehensive 
illustnited Flora of the Hawaiian Islands, has shipped 
a large eollection of herbarium specimens to New 
York preparatory to its critical study at the New 
York Botanical Garden. This collection is the result 
of extensive botanizing on all the major islands of the 
Hawaiian Archipelag^j during the last ten years. 

Dh. J. Dufkenoy, director of the Station for Plant 
Pathology, near Bordeaux, is spending six months at 
Riverside, California, in the laboratory’ of plant 
physiology at the Citrus Experiment Station, investi¬ 
gating the eytological conditions associated with 
mottle leaf oi' citrus and other trees. He has been 
granted a fellowship by the Rockefeller Foundation 
for this investigation. 

Db. Otto Hahn, director of the Kaiser Wilhelm 
Institute of Chemistry at Dahlcm and lecturer in 
chemistry (radioactivity) at the University of Berlin, 
will reach Ithaca in February, where he is this year 
non-resident Baker lecturer in chemistry. He will 
lecture for three months on his work on the chem¬ 
istry of radium. 

Pboeessob J. J. R. Maclkod, professor of physi¬ 
ology at the University of Aberdeen, and previously 
at the University of Toronto, is visiting professor at 
the Johns Hopkins University, where ho is giving the 
Herter Lectures. 

Dr. Ebnkst W, Bbown, professor of mathematics 
at Yale University, gave the second Arthur Lecture at 
the Smithsonian Institution on January 25. His sub¬ 
ject was ‘^Gravitation in the Solar System.” 

Db. Harvky CusuiNG, who last year retired as 
Moseley professor of surgery, Harvard University 
Medical School, delivered the fourth Harvey Lecture 
at the New York Academy of Medicine on January 
19, on “Dyspituitarism: Twenty Years Later.” 

Da. laviNG Lanqmuib, of the General Electric Com¬ 
pany, lectured on the adsorption theory at the Char- 
lottenbuTg Institute of Technology on January 27. 
He was introduced by Professor Walther Nemst, with 
whom he was formerly a student. 

Captain Sib Hudert Wilkins, explorer of the 
Arctic and Antarctic, will lecture in the James Simp¬ 
son Theater of the Field Museum, Chicago, at 3 p. m, 
on March 4. His subject will be “What I Have Dis¬ 
covered in the Arctic and Antarctic.” He will relate 
his experiences on expeditions made by dog team, by 


airplane and by submarine. The lecture will be illus¬ 
trated with motion pictures. 

Db. F. G. Donnan, professor of inorganic and 
physical chemistry at University College, London, 
gave the Ostwald Memorial Tjecture of the British 
Chemical Society at the University of Liverpool on 
January 27. 

Phofessob S. L. Boothroyd, of Cornell University, 
lectured at Lehigh University on January 11 under 
the auspices of Lehigh Chapter of Sigma Xi on 
“Meteors or Shooting Stars,” describing some aspects 
of the work of the Harvard-Corn ell Meteor Expedi¬ 
tion to Flagstaff, Arizona. 

The Sigma Xi Club of the University of Florida 
held its annual banquet on January 18. Mr. H. H. 
Hume, director of the University Experiment Station, 
spoke on “The University of Florida in its Relation 
to the State as a Research Institution.” He outlined 
many of the problems w^hich are awaiting study and 
emphasized the university as constituting a disinter¬ 
ested agency for investigating these problems. 

The Sigma Xi Club of Montana State College held 
a public meeting on January 26, at which Dr. 0. E. 
Sheppard, head of the department of chemistry, de¬ 
livered a lecture concerning “Recent Developments in 
Chemistry,” with a detailed discussion on the physics 
and cliemistry of color production. This lecture was 
one of a series of three public lectures on “The 
Frontiers of Science” being given under the auspices 
of the club. 

Db, D. B. Judd, of the section of colorimetry of the 
Bureau of Standards, delivered three lectures on color 
vision at Bryn Mawr College on January 16, 17 and 
18. A fourth meeting was devoted to a demonstratioB 
which included the blue arc phenomenon, the Purkinje 
after-image and examples of color traneformation, 

Db, John H. Paekeb, professor of plant breeding 
at the Kansas State College, Manhattan, gave the 
fourth series of annual lectures under the Frank Axor 
Spragg Memorial Fund, from January 24 to 27, at 
the Michigan State College. This memorial is in 
honor of Professor F. A. Spragg, who was in charge 
of plant breeding work at the Michigan Agricultural 
Experiment Station from 1906 to 1924. 

Db, George Sabton, current IBtchcock professor 
at the University of California, was spe^er on Janu¬ 
ary 15 at the first meeting of the Singer History of 
Science Club, organized as a result of Dr. Chiles 
Singer's recent visit of a year to the univferrity and 
composed of faculty meml^s and students interested^ 
in the history of sciencej^d its promotion as a 
of scholarship. Dr. Samn's address was cm Simb^ 
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Steviu, sixteenth and seventeenth century Dutch 
mathematician, the first advocate of the decimal sys¬ 
tem for common use. 

Mebtinos of the American Chemical Society arc 
planned as follows: Washington, D. C., week of 
March 26, 1933; Chicago, 111., week of September 11, 
1933; St. Petersburg, Fla., March, 1934; Cleveland, 
Ohio, autumn of 1934; Eleventh Colloid Symposium, 
Madison, Wis., June 15 to 17, 1933; Fifth National 
Organic Chemistry Symposium, Cornell University, 
Ithaca, N. Y., December 28 to 30, 1033. 

The American Society of Mammalogists will hold 
its fifteenth annual meeting at the new Biological In¬ 
stitute, Harvard University, from May 10 to 13. 
Titles of papers must be* filed before April 28 with 
the corresponding secretary, Dr. Robert T. Hatt, the 
American Museum of Natural History, New York. 

A Union ov Obbman Bioukiists has recently been 
formed, with Professor T.rfjhmann, of Tubingen, aa 
president. 

Mrs. Frances Kinsley Hutchinson has given an 
estate of seventy-three acres at Lake Geneva, includ¬ 
ing a house on the property, with an endowment, to 
the University of Chicago for botanical work. 

Columbia University and the Metropolitan Mu¬ 
seum of Art will ultimately share in a trust fund of 
$150,000, bequeathed by the late William Fitz Ran¬ 
dolph, of Glenbrook, Connecticut. The gross estate is 
valued at $601,073. After smaller bequests are paid, 
the two institutions are named os tlio residuary lega¬ 
tees. 


The new Royal Society Mond Laboratory of the 
University of Cambridge was opened on February 3 
by Stanley Baldwin, os chancellor, who accepted the 
building for the university. The principal speakers 
were Sir Ernest Rutherford and Sir Robert Mond. 
The laboratory is an adjunct of the Cavendish Lab¬ 
oratory and will be directed by Professor Peter Ka- 
pitza, of Russia. It is reported that it will provide 
facilities for research into the magnetic properties of 
matter in the highest fields yet attained and for the 
study of properties of matter at lowest possible tem¬ 
peratures. Last year, when the need for greater ac- 
eammodations became urgent, the council of the Royal 
Society offered the university a fund to build and 
equip the new laboratory. At the same time, through 
reorganization, accommodation of the scientific d^^- 
partmeftts was made possible by a Rockefeller gift, 
which freed a site near the Cavendish Laboratory for 
the new building. 


With appropriate «erwsee on the afternoon of 
Jwimai7 14^ the new museum building of the San 
, Soeioty of Natural History, Balboa Park, San 

> was opened to the pubUo. The 


same occasion marked the fifty-eighth annual meeting 
of the society, which is the oldest scientific organiza¬ 
tion in southern California. The building is of con¬ 
crete construction, with a frontage 220 feet long, and 
a wing 100 feet deep, and forms the first unit of what 
may eventually be a much larger museum plant. 
Provision has been made in the present structure for 
exhibition halls on three floors, a lecture hall, chil¬ 
dren’s museum, administrative offices, workrooms and 
laboratories for all departments. The building repre¬ 
sents an investment of about $175,000, which was 
raised by public contributions, largest of which was 
the gift of $125,000 by the late Miss Ellen B. Scripps, 
of La Jolla. William Templeton Johnson, of San 
Diego, was the architect. For the past sixteen years 
the museum collections have been housed in temporary 
exposition structures in Balboa Park. 

Purdue University announces the completion, dur¬ 
ing the summer of 1932, of new laboratories for plant 
physiology and .plant pathology in the School of 
Science. These laboratories arc built around green¬ 
house units. The physiology laboratories are three 
in number, including elementary, advanced and pri¬ 
vate research laboratories. The pathology laboratory 
is in addition to those already in use in plant paf:hol- 
ogy and provides space for elementary study with 
rooms adjoining for research. Basements extend un¬ 
der most of the construction and will be equipped 
for controlled light, temperature and humidity re¬ 
search. New advanced courses will be offered both in 
plant pathology and plant physiology. 

Wai^ter Merritt Seward, who died on December 
20, 1932, at the age of seventy-two years, formerly 
praotioed medicine in New York, but for the past 
twenty years had been looking after a country prac¬ 
tice in Brunswick County, Virginia, mostly on a char¬ 
ity basis. He had also been managing his timber 
lands in that county. A correspondent writes: “At 
the time Dr. Seward attended the Medical School of 
the University of Virginia, class of 1886, that school 
lacked proper clinical and hospital equipment. The 
lack of clinical and hospital equipment has since been 
supplied to the School of Medicine. But for some 
years, indeed since its inception in 1910, the School 
of Forestry at the University of Virginia has lacked 
an experimental and practise forest, which in a 
geaeral way corresponds to clinical and hospital 
equipment in medical instruction. Dr. Seward’s will 
leaves his forest of more than three thousand acres 
and more than two hundred thousand dollars in securi¬ 
ties^ to the University of Virginia for the benefit of 
the School of Forestry. His bequest supplies the 
needed experimental and practise forest and greatly 
strengthens and enlarges the usefulness of the School 
of Forestry.” 
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The sixth session of the Allegany School of Nat¬ 
ural History, in Allegany State Park, New York, will 
be held from J uly 6 to August 24, under tlie auspices 
of the Buffalo Museum of Science. Founded under 
favorable natural conditions in suitable location and 
surroundings, the Allegany School of Natural His¬ 
tory offers courses for studies in botany, zoology and 
geology with emphasis on natural history. An in¬ 
structor is provided for each class a full day each 
week and for a conference hour later in the week. 


In addition each student works out of class inde¬ 
pendently or with occasional direction for nearly two 
days. The courses offered are held zoology and field 
botany, the natural history of birds and nature study. 
The small classes and the plan of the schedule make 
it possible for the faculty to continue actively in re¬ 
search. There is an open-air museum, a nature trail, 
an Indian garden, a water garden and a fernery. 
Elsewhere in the park are hiking trails, swimming 
pools, bridle paths, baseball diamonds, tennis courts 
and a 120-acrc lake with boating. 


DISCUSSION 


THE NAMING OF THE SUBDIVISIONS OF 
THE WISCONSIN GLACIAL AGE 

At the 1930 meeting of the Geological Society of 
Amoncii, held in Toronto, the writer presented a paper 
on “The Peorian Loess and the Classification of the 
Glacial Drift-Sheets of the Mississippi Valley,” which 
was subsequently printed in the Journal of Geology J 
In this paper he called attention to the fact that the 
evidence that the Peorian (Iowan) loess had been 
weathered before the Karly Wisconsin drift had be(*n 
deposited was not valid; that the only evidence of an 
interval was that of rapid deposition of loess. There¬ 
fore, two important conclusions were drawn; (1) the 
Peorian interval was not of interglacial magnitude 
but was iritraglacial; and (2) the lownn ice invasion 
was the first of the Wisconsin invasions. 

Additional confirmatory evidence was found during 
the 1931 field season, and another paper was pre¬ 
sented at the 1931 meeting of the Geological Society 
of America, held m Tulsa. This paper is to be pub¬ 
lished soon. In it the additional confirmatory evi¬ 
dence was presented, the importance of the “profile of 
weathering” as a criterion of interglacial intervals 
was emphasized, the post-Illinoian loesses were dated 
and their relationships, sources and conditions of 
deposition were discussed and a picture of the develop¬ 
ment and retreats and readvances of the major Wis¬ 
consin ice-fields was presented. New names for three 
of the subdivisions of the Wisconsin were proposed 
to replace those presented at the Toronto meeting and 
published in the Journal of Geology, which had been 
chosen with respect to the fields of ice accumulation 
rather than areas where the stratigraphic units may 
be studied, and which have since been found to be 
preempted. New names are, therefore, necessary. 

The names which were withdrawn were Manitoban 
(Iowan), Quebecan (early and middle Wisconsin) and 
Hudsonian (late Wisconsin). The old name Iowan 
was retained, and the new names proposed were Taze¬ 
well, Cary and Mankato for the subdivisions shown in 
the following table. The name Tazewell is taken from 

1 Volume 39, No. 1, pp. 45-63, 1931, 


Tazewell County, Illinois, where the Early Wisconsin 
deposits arc well shown in their relations to the under¬ 
lying Peorian loess The name Cary is taken from a 
town in McHenry County, northeastern Illinois, where 
the Middle Wisconsin deposits are well displayed. 
The name Mankato is taken from Mankato, Minne¬ 
sota, where the Late Wisconsin dejiosils are excellently 
displayed. 

Age Subdivisions 

Mankato (Late Wisconsin) 

Wisconsin Cary (Middle Wisconsin) 

(Fourth)glacial) Tazewell (Early Wisconsin) 

Iowan 

Sangamon 

(Third interglacial) 
lUinoian 

(Third glacial) 

M. M. Leighton 

Illinois State Geological Suevey 

“MESCAL PITS”—A MISNOMER 
Scientific nomenclature has always been omnbered 
with a large number of inappropriate and inadequate 
terms, some due to a creeping in of temporary desig¬ 
nations which were never intended to survive the 
laboratory stage and others due to a lack of under¬ 
standing during early investigations in new fields. 
One of the newer scenes of effort in the field of South¬ 
western archeology has lately come to notice through 
the work of representatives of the U. S. National 
Museum, the Museum of the University of Pennsyl¬ 
vania and the Laboratory of Anthropology. The area 
in reference consists of the extreme southeastern part 
of New Mexico and the adjoining portion of south¬ 
western Texas. Among the prominent features which 
distinguish one of the prehistoric cultures in this 
area, the principal habitat of which seems to be in 
the mountain ranges bordering the lower Pecos Valley 
on the west, are curious structures of open circular 
form, composed principally of small fragments of fire- 
cracked limestone. These circles occur abundantly in 
favorable locations from a point near Hope, New 
Mexico, in the foothills of-the Sacramento Mountaiim, 
south throughout the Quadalttpe and Davis Moon- 



FmvAST 10, lois 


SCIENCE 


169 


tains for an as yet undetermined distance into Texas. 
The name '^mescal pit’^ has been applied locally to 
this type of structure over a period of many years, 
and the use of this term has spread equally with the 
interest incited by the recent investigations. For 
the two field seasons of 1930 and 1931 the writer 
conducted expeditions for the Laboratory of Anthro¬ 
pology in the Quadalupe Mountains area, and during 
this time a number of “pits” were excavated or 
trenched. It was definitely determined that they were 
not pits, in any sense of the word; nor were they 
concerned especially with the preparation of mescal 
for food. Instead, they were found to be specialized 
refuse heaps. These circular mounds contained, in 
addition to the more obvious small cracked rocks, ac¬ 
cumulations of ash, charcoal, food bones and other 
camp debris. As the term “mescal pit” is obviously 
a misnomer, and as it is likely to be perpetuated by 
usage, the writer feels that a designation more in 
keeping with the character of the structures should 
be chosen. Therefore the name “midden circle” is 
proposed. Further discussion of these circles, together 
with other archeological information gathered during 
the two seasons’ work, will appear in a report now in 
preparation. 

H. P. Mera 

LaABOEatort or Anthropology 
Santa F£, Nbw Mexico 

IS GEOLOGY EASIER FOR BOYS THAN 
FOR GIRLS? 

In an article which appeared in the issue of 
Science, dated November 11, 1932, and written by 
Gragg Richards, of Detroit, Michigan, evidence based 
on statistics was introduced to prove that geology is 
an easier subject for men than for women. I have 
examined the grades of all the students who have 
taken my course in physical geology for the past seven 
years. They come from all the classes in college, 
ranging from 17 to 21 years of age, the larger pro¬ 
portion from the freshman and sophomore classes. 
Instruction consists of lectures, laboratory work and 
field trips. A standard college teict-book is used, and 
students are required to supplement class work by 
outside reading; 10 to 25 readings constituting the 
usual number, the smaller figure being the minimum 


required. The average size of the laboratory section 
is about 25 and there is considerable personal contact 
between instructor and student, especially in the 
laboratory and in the field. The grades for the 
course are on the following basis: A—excellent, B— 
good, C—fair, D—unsatisfactory, F—failure. No 
conscious effort was made to follow a distribution 
curve. The group consists of 647 students, 254 men 
and 393 women. On the basis of A = 3, B = 2, C = l, 
D = 0, the men show an average of 1.255 and the 
women 1.407. 


Percentage 


A 

B 

C 

D 

F 

Men (254) 

6.3 

30.25 

46.1 

11.4 

5.92 

Women (393) 

8.9 

36.6 

40.7 

10.7 

3.06 

Entire group (647) 

7.6 

33.42 

43.4 

11.0 

4.49 


These statistics show clearly that the women are 
slightly better than the men, although the difference 
between them is so slight that one may consider them 
equal in ability. They also indicate that geology is as 
easy for women as for men. There is, in my opinion, 
based on eighteen years of experience teaching 
science, no marked difference in the ability of men 
and women. 

Karl Ver Steeg 

College or Wooster 

BROWN ROOTROT OF TOBACCO 

A FORM of brown rootrot of tobacco is due to the 
insufficient intalie of calcium by the tobacco plant. 
The condition may be brought about by lack of avail¬ 
able calcium, an excess of magnesium over calcium or 
the presenoe of appreciable amounts of ammoniaoal 
nitrogen in relation to nitrate nitrogen. The fore¬ 
going findings were the results of researches carried 
on at the Connecticut Agricultural Experiment Sta¬ 
tion at New Haven and the Tobacco Substation at 
Windsor, Connecticut. Soil, sand, water cultures and 
field teste were made. 

T. E. Swanbace: 

H, O. M, Jacobson 

Aoeioultural Experiment Station 
New Haven, Connecticuj 


SCIENTIFIC BOOKS 


RECENT ZOOLOGICAL TEXT-BOOKS 

In reading the text-books which have been pub¬ 
lished during the latter part of 1932 a reviewer is im- 
prmd by certain facts which are perhaps worth 
mentioning: (1) Writers of text-books are unprogres- 
aive. They have at last given up Batraohia, Urodela 


and Anura; and use Amphibia, Caudata and Salientia, 
instead. But they cling to such archaic names as 
Platyhelminthes, Nemathelminthes, Troohmiuthes, Mol- 
luBcoidea, Pelecypoda, Polyzoa and Infusoria. Even 
such a conservative institution as the Zoological Rec¬ 
ord has progressed to Platyhelminthia, Nemathel- 
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minthia, Ciliophpra and Bryozoa. All biology does 
not have to be orammod into two great receptacles^ 
morphology and physiology. Such a subject as psy¬ 
chology perhaps depends as much upon knowledge 
of the structure of neurones, tracts and areas as upon 
that of behavior, reflexes and reaction times; but two 
recent writers assert that psychology is (in the words 
of Octavius Roy Cohen) '^nothing else but^^ physiol¬ 
ogy. The scientific name of an animal consists of the 
genus, species and the name of the author; but a 
student in elementary zoology has no chance to find 
this out. (2) A glossary should be a series of care¬ 
fully considered, critical definitions of technical terms, 
instead of a list of careless, loose and inaccurate state¬ 
ments, such as a freshman might produce impromptu 
during an oral quiz. (3) Generic names arc sacred 
and their spelling may not be changed to suit the 
whims of writers. Amoeba can not become ameba. 
(4) High-school teachers appear to be doing better 
teaching than university professors. Tbeir texts are 
written for students to read and use; not for profes¬ 
sional, backward-looking zoologists. Students in high 
schools are expected to solve problems, think and 
grow—not. merely verify, draw, answer, pass and get 
credit. 

Ammal Biology, By Lorande Loss Woodruff. 
Maomillan, New York. $3.60. xii + 613. 1932. 

This text-book presents zoology from general 
biological view-point.** It is the work of a scholarly 
man who shows his general learning by frequent, apt 
quotations. Good judgment is shown in the use of 
technical terms; there are not too many, but enough 
are introduced to permit a student to gain some 
knowledge of zoological terminology. The book is 
well planned; the figures are well conceived and exe¬ 
cuted. The parts of the work that relate to general 
biological phenomena are well presented; though fre¬ 
quently stated in a teleological way. Those that deal 
with classification and newer knowledge in fields with 
which the writer is apparently not familiar are often 
uncritical and inaccurate. For example, Chapter III, 
on the physical basis of life, is admirable; Chapter 
VII, ^‘Survey of Invertebrates** is not so well done; 
the part of the appendix which deals with classifica¬ 
tion is quite unprogressive; the glossary contains 
xnany questionable statements. On page 80 it is said 
that; ‘*The Guinea worm, Filaria, is sometimes six 
feet long, and spends its adult life under the human 
skin and its youth in a Water-flea.*' Since the time 
of Reichard in 1759 the guinea worm has been placed 
in the Genus Draounculus and it probably never 
reaches a length of six feet. Other examples of ob¬ 
jectionable statements arc, ''the Earthworms, or Oligo- 
ohaeta. . . . The largely sedentary and nocturnal life 
of earthworms renders special locomotor, respiratoiy, 


and sense organs unnecessary," (p. 81); ^'Absorption. 
The passage of nutritive and other fluids into living 
cells. . . . Alternation of Generations.—The alternate 
succession of a sexual and an asexual generation in 
the life history" (p. 473); “Chorion.—External em¬ 
bryonic membrane of Mammals. . . . Cloaca.—A cav¬ 
ity at the posterior end of the Vertebrate body. . . , 
Colony.—^An aggregation or intimate association of 
several or many similar individuals to form a superior 
unit** (p. 476). Evidently the writer disapproves of 
the modern tendency to begin even generic names with 
small letters, for he begins even such words as Man, 
Bird and Butterfly with capitals. The topics discussed 
in the twenty-five chapters are: The scope of biology, 
cells, physical basis of life, metabolism, protozoa, 
metazoa, invertebrates, vertebrates, nutrition, respira¬ 
tion, circulation, excretion, reproduction, coordination, 
origin of life, continuity of life, fertilization, develop¬ 
ment, inheritance, adaptation, descent with change, 
biology and human welfare, and the development of 
biology. 

Maimal of Animai Biology, By George Alfred 
Baxtselu Macmillan, New York. $2.50. xiii + 3S2. 
1932, 

This is a laboratory manual intended to bo used 
with Woodruff's “Animal Biology” and other stand¬ 
ard zoological text-books, to which references are 
made throughout. It consists of two parts, “descrip¬ 
tive" and “laboratory directions" (which are also de¬ 
scriptive). The first part contains brief accounts of 
protoplasm, amoeba, euglena, volvox, paramecium, 
vorticella, grantia, hydra, obelia, starfish, earthworm, 
crayfish, insects, clam, frog and vertebrates in gen¬ 
eral, and vertebrate development. The second part, 
on detachable pages, contains laboratory directions 
concerning equipment, microscopy cells, green plants, 
fungi, protoplasmic movement, amoeba, euglena, vol¬ 
vox, paramecium, grantia, hydra, obelia, gonionemus, 
starfish, earthworm, crayfish, grasshopper, honey-bee, 
life history of moth, elam, ohordates, vertebrates, tis¬ 
sues (epithelial, muscular, supporting), vertebrate 
skeleton, viscera, buccal and respiratory organs, en- 
teron, vascular system, urinogenital system, nervous 
system, histology of nerves, tissuy vertd>rate eye, ^ 
spermatogenesis, oogenesis, fertilisation, mitosis, and 
embryology of frog and chick. The method employed 
in each exercise is the observation of such struotures 
as are described and the making of one or more 
drawings. Apparently no written notes are expected ^ 
and no questions are asked. Twelve figures are pre¬ 
sented. ^ 

An Introduction to Zoology Through the Study of 
tho VertebraUa with SpeeiaH Safereneo to tka ^ 
and Man, By Zeno Patne MsmoALy. k 

Bpringfleld, Illinois.. ^4! 
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• This book has boea written for agrionltural students 
in general zoology and is presented in '^three major 
divisions: (1) a general introduction; (2) the study 
of the detailed anatomy and physiology of a mamma], 
the rat, with comparisons from other groups of verte¬ 
brates; (3) the broader aspects of zoology. . . . 
Throughout this text-book the author has attempted 
to write on what he believes is the level that the aver¬ 
age college freshman can attain, ... It has not been 
written for zoologists but for beginning college stu¬ 
dents.” The book appears to have been thoughtfully 
and carefully written. The figures are clear and 
appropriate. Classification receives little attention; 
morphology, physiology and the general aspects of 
biology and economic zoology are emphasized. The 
scope of the work is indicated by chapter headings 
in the three sections: (1) The field of zoology and the 
animal kingdom; (2) with special reference to the rat 
and mammals—general morphology and physiology; 
habits, external characters, general internal structure, 
integument, muscles, skeleton, locomotion, enteron, 
respiratory system, uriqary system, circulatory sys¬ 
tem, metabolism, reproductive system, embryology, 
heredity, endocrine system, nervous system; and (3) 
distributional zoology, paleontology, evolution and 
history of zoology. 

Zoology, By F. E. Chidester. Van Noatrand, 
New York. $3.76. xii + 681. 1932. 

In the preface of this book it is said that, ^^tliis text 
was written as a general survey for use by college 
students and to serve as a reference book by biolo¬ 
gists. . . . Important features arc the logical arrange¬ 
ment of facts about the animals within a group, a 
statement of the chief characteristics at the beginning 
of the discussion, and a summary of the economic 
importance at the end of each section. The newer 
physiology has been introduced and a bibliography 
chocked by experts in each field is given at the end of 
each chapter.” To the reviewer the book seems to be 
poorly organized and poorly written. It contains 
many questionable and inaccurate statements. For 
example, under the title '^CharaoteristicB” the follow¬ 
ing statements are made about Protozoa (p. 21): 
1. Morphologically the simplest ones are equal to iso¬ 
lated epithelium. 2. Physiologically they are equal to 
the whole group of cells making up the human body. 
Protozoa are complete unicellular organisms and many 
have a brief multicellular phase. 3. Functionally they 
epitomize life processes. 4. Theoretically they are 
generalized cells. 6. Of practical economic impor¬ 
tance, they cause many diseases. 6. As soil organisms 
protozoa are of doubtful importance. 

' Axe the points enumerated diaracteristios and do 
allme^ somethingt lo characterizing the ver¬ 


tebrates (p. 14) nothing is said ooneeming gill slits, 
but invertebrates (p. 16) are said to ^^lack gill slits 
or visceral clefts.” “The term ‘tropism' has long been 
used to indicate the reaction of an animal to some sort 
of stimulus,” (p. 24) is an example of many loose 
statements. Twp species of amoeba are said to occur 
in man (p. 26); whereas eight or more so occur. 
ChriBtispira, a spirochaete, is afi&rmcd to be “a large 
fiagellate” (p. 29). The glossary contains many 
doubtful and curiously limited statements— e.g.: “den- 
tine, the inner portion of a tooth; lipoid, a substance 
found in the nervous system which is dissolved by 
anesthetics or narcotics; respiration, oxidation of pro¬ 
toplasm releasing energy and producing carbon diox¬ 
ide; testis, an organ in a male animal where sperms 
are produced,” The twenty-two chapters are devoted 
to Introduction, Protozoa, Porifera, Coeleuterata, 
Platyhelminthes, Nemathelminthes, Annelida, Trochel- 
minthcB, Molluscoidea, Echiiiodermata, Molluscs, 
Arthropods, Chordata, Cyclostomata, Pisces, Amphib¬ 
ia, Reptiha, Aves, Natural History of Mammals, 
Mammalia—Physiology, Social Life of Animals, and 
Evolution, Heredity, and Eugenics, 

The Essentials of Biology. By James Johnstone. 
Longmans, Green and Co., New York, xv + 328. 
1932. 

“The intention of this book is to present a balanced 
account of the theoretical matter of animal biology. 
Botanical results are only noted in so far as they bear 
upon general biological science.” The book is a 
thoughtful, philosophical consideration of modern 
science with special reference to biology. It is not a 
catalogue of facts to be learned, but a logical develop¬ 
ment of thoughts and relations. The statements made 
are carefully considered and mean something. At 
times they may be a little tiresome and abstruse, but 
the reader gains much and feels repaid. When scan¬ 
ning the book one wishes that college students in the 
United States could have more of the attitude of mind 
that would be essential for Its use—more thoughtful 
consideration of the fundamental problems of science 
and less concern for memorized facts and propaganda. 
Johnstone’s book may be read with profit by any 
student, young or old. It is in two parts and nine 
chapters, which indicate the contents: (I) THE IN¬ 
DIVIDUAL, (1) the Organism as a Natural Thing, 
(2)^ Organic Structure, (3) Organic Functioning, 
(4) Animal Behavior; (II) THE RACE, (5) Repro¬ 
duction and Growth, (6) Development, (7) Heredity, 
(8) Transformisin, and (9) the Evolutionary Career. 

Everyday Problems in Biology. By C. J. Piepeb, 
'W. L. Beauchamp and 0. D. Frju^k. Scott, Fores- 
man and Company, Chicago. $1.00. xxiui + 680. 
1932. 



172 


SCIENCE 


VoL. 77, Ko. im 


This is a biological text intended for use by high- 
school students in the ninth and tenth grades. It is 
a carefully considered, well-organized book written 
by experienced teachers. The student is stimulated 
to think about things biological, especially those re¬ 
lated to man, and his capacity is continually increased. 


Topics are considered under twelve ''units,” presented 
as questions, in the following order: obtaining and 
using food, growth, reproduction, ecology, behavior, 
classification, economic biology, evolution and conser- 

A. S. Pkaesic 

Duke UNivEasiTr 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


IMPROVED KYMOGRAPH RECORDING 

Singe the introduction of smoked, glazed paper for 
kymographic recording, numerous attempts have been 
made to obviate many of the disadvantages of this 
method. Of these attempts the most recent have been 
the successful efforts of Wichart, Thienes and 
Visscher,^ and Patterson.^ Tlie former group of in¬ 
vestigators employ cellophane coated witli carbon 
sprayed from a pressure air gun, whereas Patterson 
delivers ink from quill pens against white, glazed 
paper. The former method allows for direct repro¬ 
duction in the lantern by simple insertion between 
two glass plates but still retains the disadvantage of 
requiring carbonizing before and fixing after record¬ 
ing. Patterson’s method simplifies preparation of a 
record which requires no shellacking but requires 
photographing for reproduction in the lantern. 

More recently Warren^ reported the use of cello¬ 
phane as a transparent preparation, capable of re¬ 
ceiving impressions from carbon paper in the type¬ 
writer or by pencil pressure. He cautions, however, 
against handling, which removes the carbon particles 
from the cellophane. 

We have found cellophane an excellent recipient for 
India ink, which dries almost immediately and resists 
violent finger friction. Cellophane also takes red, 
blue and green ink (concentrated by evaporation to 
one half or one third volume), and thus allows for 
differential tracings to be made of any type of draw¬ 
ing, photograph or record. 

We have further utilized the ink-taking properties 
of cellophane in keeping permanent records of physio¬ 
logical activity to be kymographically registered. 
Curved glass capillary tubes of very fine bore deliver 
ink to the cellophane, which is held in position on the 
kymograph drum by library paste or rubber bands. 
To afford less chance of breakage capillary tubes can 
also be bent to lead ink to tlie inner surface of 
ordinary steel writing pens, which are supported on 
light reod or aluminum recording levers. To render 

1W. F. Wichardt, C. H. Thienes, M. B. Visscher, 
Science, 73: 99, Jan. 23, 1932. ' 

a T. L. Patterson, Demonstration, The Federation of 
Amer. Societies for Exp, Biol. Philadelphia, April, 1932, 

» K. L. Warren, Science, 76: 673, Dec. 16, 1932, 


the record easily discernible, the drum is first c.overcd 
with permanent white facing—either enamel or paper. 

This type of cellophane record requires no smoking 
nor fixing. The ink will not rub off unless it is 
moistened with water or alcohol, in which case the 
cellophane will retake ink at site of removal. Any 
part of the permanent record, as suggested by 
others,^' ® can be placed between glass plates and 
used directly in the projection lantern. The econ¬ 
omy of the method, obviating smoking, shellacking 
and photographing parts of records, is apparent. 

Fredrick F. Yonkman 

ScHooii or Medicine 
Boston University 

AN INEXPENSIVE PYROMETER FOR TEM¬ 
PERATURES UP TO looo^ C 

Tub use of an electrical muffle furnace in operations 
such as ashing of biological materials makes the con¬ 
trol of temperatures up to 1000® C. highly desirable. 
Finding moat manufactured pyrometers expensive we 
originally fashioned a simple thermocouple of chro- 
mel-alumel and calculated the temperature from e.m.f. 
as measured by a student potentiometer. Subse¬ 
quently we used an inexpensive microvoltmeter pro¬ 
cured through the Weston Electrical Instrument Cor¬ 
poration, Newark, N. J., who were kind enough to 
modify one of their standard instruments (Model 
301) and etjuip it with a scale calibrated in centigrade 
degrees, the entire assembly making a direct reading 
pyrometer with a range up to 1000® C, accurate to 
^ 10° C. and obtainable at nominal cost. 

No, 14 gauge pieces of chromel and alumel wires 
each about 3 ft. long were twisted together tightly 
for a distance of one inch. The twisted ends were 
protected from corrosion by means of a small silica 
test-tube packed with asbestos fiber. The free ends 
were insulated from each other by short lengths of 
silica tubing sufficient to bring the wires out of the 
back of the oven and were held in position far enough 
from the oven to avoid being heated by radiation. 
They were then connected to copper leads, which ran 
to the reading instrument. Changes of ambient tem¬ 
perature about this junction were not compensated 
for, and, for the accuracy desired, could be neglected. 
The modified microvoUmeter was made for us by the 
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Weston Electrical Instrument Corporation when we 
had furnished them with the following information: 
Nature of the thermocouple, range of temperature 
desired and total resistance in ohms of the thermo¬ 
couple and its leads. Comparison of the readings of 
this instrument with the calculated temperature from 
e.m.f. measurements from room temperature to 1000" 
C. agreed to within 10° C. As the temperature of 
various points within the oven may vary by as much 
as — 25*^ C , this accuracy is quite adequate. 

William C. Stadie 
Sydney L. Wright, Jr. 

The John Herr Mussee Department 
or Besearch Medicine 
UN ivEasiTT or Pennsylvania 

MODIFICATION OP THE BACKLIN-KIRK 
COMBUSTION CHAMBER FOR MICRO¬ 
DETERMINATION OF CARBON 
AND LIPOIDS 

In the manometric determination of lipoids the 
combustion chamber is highly evacuated at the time 
it is to be removed from the Van Slyke manometer. 
In the original Backlin chamberi a stop-cock is pres¬ 
ent at the top of the combustion chamber which may 
be opened at this time to relieve this pressure which 


facilitates removal of the rubber connection to the 
manometer. At best this operation involves some risk 
of damaging the manometer. The chamber, as 
modified by Kirk,^ has eliminated this stop-cock, thus 
necessitating removal of the nibber connection against 
the low internal pressure of the chamber. A simple 
method of reducing the hazards of such procedure 
is to add a three-way stop-cock {cf. diagram) in the 



delivery tube of the chamber. After the upper cock 
of the Van Slyke absorption chamber has been closed 
this stop-cock may be turned to admit atmospheric 
pressure before detaching the delivery tube. 

Wm. L. Doyle 

Zoological Laboratory 
The Johns Hopkins University 


SPECIAL ARTICLES 


A PROOF OF THE LAW OF EFFECT 

Psychologists and physiologists all agree that the 
behavior of man and of many other animals is 
modifiable by the experiences of life. He learns, so 
that the situation, S, which at first evokes, say, re¬ 
sponses 1, 2, 3, 4 and 5 equally often, comes to evoke 
one response, say 4, always or ninety-nine times out 
of a hundred. The connection S 4 has become 
enormously strengthened relatively to S 1 or S 2 
or S 3 or S 5. 

Concerning the forces producing learning there has 
been great disagreement. The writer (1898, 1914 and 
1931) has maintained that the after-effects of a 
modifiable connection work hack upon it, and that, 
in particular, a satisfying state of affairs accompany¬ 
ing or directly following a connection strengthens it. 
Troland maintained a similar doctrine. 

The great majority of psychologists have main¬ 
tained, on the contrary, that the strengthening of any 
connection is due to forces operating within the con¬ 
nection itself or prior to it. Repetition or frequency 
of occurrence, recency, intensity, finality or consuin- 
matorinesB, tendency to attain equilibrium, and other 
features of the process have been alleged td be ade¬ 
quate to explain the strengthening of connections. 

I have presented recently evidence from a variety 
B. Backlin, Bioohem. 217: 488, 1930. 


of experiments to show that a satisying after-effect 
of a connection does in fact strengthen it under con¬ 
ditions equalized in respect of all other forces than 
the satisfying after-effect.^ It is the purpose of this 
report to present an entirely independent experi¬ 
mental proof of the strengthening influence of a 
satisfying state of affairs upon the connection of 
which it is the after-effect and important new facts 
concerning the method of action of that influence. 

We provide in an experiment a long series of situa¬ 
tions to each of which several responses are possible, 
one of which is arbitrarily followed by a reward, any 
other being followed by a punishment. For example, 
a series of words is said by the experimenter, to each 
of which the subject may respond by any number 
from 1 to 10. If he says the number that has been 
chosen to be **righU' he is rewarded; if he says any 
other, he is punished. So we have a long sequence 
of connections and after-effects, in the form Word 
1—♦number, reward or punishment. Word 2—♦num¬ 
ber, reward or punishment, Word 3 “♦ number, reward 
or punishment, Word 4 —♦ number, reward or punish¬ 
ment, etc. 

8 Peters and Van Slyke, ^ * Quantitative Clinical Chem- 
iatry-Metbods, ^' Williams and Wilkins, 1932. 

i“The Fundamentals of Learning,’’ E. L. Thorndike, 
1982. 
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This series is repeated again and again. We quote 
the results for the first ten words in trials 1 to 4,* 
from a sample record. 


example, for the ten subjects of the experiment 
chosen as an illustration we find the following for 
punished connections alike in all respects save their 
proximity to a reward; 


Trial or Trial or Trial or Trial or 
round 1 round 2 round 3 round 4 


catnip 

cedar 

chamber 

chorus 

dally 

dazzle 

debate 

deduce 

early 

effort 


2 4 

3 3 

1 2 

R 10 

4 8 

02 6 

9 7 

n 2 

4 C5 

3 6 


10 2 

6 2 

9 8 

7 6 

5 4 

9 1 

2 5 

o O 

C5 05 

07 07 


The time-inten'als were ns follows; One unit of the 
series from word to word or number to number took 
about 2.2 sec. The time from the announcement of 
‘Tlight” or ‘‘Wrong^’ to the approximate mid-point of 
the word-number connection to which it belonged 
was about 0.5J sec. The time to the mid-point of 
the next preceding connection was about 2.8 see., to 
the next, 5 0 sec., to the next, 7.2 sec., and so un. 
The time to the mid-point of the word-number con¬ 
nection following the announcement of ^^llight” or 
“Wrong” was 1.7 sec. The time to the next follow¬ 
ing was 3.9 sec.; to the next, 6.1; and so on. 

In such a series the rewarded connections are 
strengthened, but that fact is not our present con¬ 
cern. The fact to which I invite attention now is 
that the punished connections do not behave alike, 
but that the ones that are nearest to a reward are 
strengthened most. The strengthening influence of a 
reward spreads to influence positively not only the 
connection which it directly follows and to which 
it may be said to belong, but also any connections 
which are near enough to it. We may measure near¬ 
ness in terms of time or in terms of number of con¬ 
nections or steps. Thus the punished connection 
catnip ^ 2 in Trial 1 preceded the reward for dazzle 
->.3 by about 11.6 seconds and by 5 connections or 
steps. The punished connection cedar ^3 in Trial 
1 preceded the reward of dazzle-^ 2 by about 9,4 
seconds and by 4 connections or steps. The punished 
connection dally 4 in Trial 1 preceded the reward 
of dazzle 2 hy about 2.8 seconds and by one con¬ 
nection or step. 

The amount of strengthening is measured by the 
percentage of repetitions in the following trial. For 

“In this exjKjriment the series of words, each with its 
"right" number, was read to the subject first, so that 
correct choices even in the first round would be a matter 
of ability plus chance rather than of chance alone. 



N 

Pereentage of 
repetitions in 
the following 
trial 

One step removed 

4136 

26.4 

Two steps removed . 

2250 

23.6 

Three or four steps removed 

1933 

21.0 

Five or more steps removed 

1228 

20.8 

Throe or more steps removed 

8161 

20.7 


For 905 connections like these in all respects, save 
that a reward directly followed and belonged to them, 
the percentage of repetitions was about 50. 

In such experiments the fact that a person responds 
to a word by a certain number makes him more likely 
to respond to that word at the next trial by that 
same number, even though the response was punished. 
The connection is strengthened more by being made 
than it is weakened by being punished. This has 
been indicated by Thorndike ('32, p. 112, and p. 
280ff), and demonstrated by Lorge in articles to 
appear shortly in the Journal of Experimental 
Psychology and by the present series of experiments. 
The best measure of strengthening due to one occur* 
renee of a punished connection at some specified 
proximity to a reward is then the excess strengthen¬ 
ing over that due to one occurrence of a punished 
connection so remote from a reward as to receive 
sero influence from it. In the illustrative experiment 
those excesses are 5^ for one occurrence of a punished 
connection one step away from a reward, and 2J for 
one two steps away. 

We have made fifteen experiments, using various 
sorts of learning. The results show that a satisfying 
after-effect strengthens greatly the connection which 
it follows directly and to which it belongs, and also 
strengthens by a smaller amount the connections pre¬ 
ceding and following that, and by a still smaller 
amount the preceding and succeeding eonneoiions 
two steps removed. 

One occurrence of a rewarded connection produces 
an average excess strengthening of 22 (per hundred) 
with a probable error of 3. One occurrence of a- 
punished connection next to and preceding a re¬ 
warded connection produces an average excess 
strengthening of 4 (per hundred) witli a probable 
error of 0.4. A punished connection occurring after 
a rewarded connection receives an exceies strengthen^ 
ing of about 5 (per hundred). A punished eonnee- 
tion between two rewarded connections xeemvea 

, '•i 
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ezc6B8 fltrengthening of 7i per hundred. Punished 
eonneotions two steps and 5 or more seecnds away 
from a rewarded oonneotion are influenced favorably 
. by it.* 

The proof that a satisfying after-effect strengthens 
directly the connection producing it, and also other 
oonneotionB in close proximity to it, is important, be¬ 
cause it explains selective modiflability. It solves 
many problems for which the forces of frequency, 
recency and intensity are inadequate. It accounts 
for the true contentions of purposivism without re¬ 
course to mystical agencies. 

The physiological explanation of the influence of a 
satisfying after-effect is as yet unknown, just as the 
physiological explanation of the influence of mere 
repetition of a connection is unknown. But we can 
now proceed to find out facts about the former which 
may lead us to a physiological explanation of it, and 
which are valuable in any case. 

Thus, Dr. Hock has measured the effect of differ¬ 
ences in the intensity of the reward. 1 have mea¬ 
sured, though as yet very imperfectly, the effect of 
differences in the time-interval between the connection 
and its reward. I have measured the effect of dif- 
ferenoes in the relevance of the reward. Dr. Ix)rge 
is proceeding to measure the influence of an occur¬ 
rence that is neither rewarded nor punished, so that 
we may compare the strengthening by it with the 
strengthening by various after-effects. 

I can already frame a physiological explanation 
which demands little more from the nervous system 
than any doctrine of facilitation demands. And I 
venture to prophesy that the physiology of strength¬ 
ening by the after-effects of a connection will be 
understood sooner than the physiology of strengthen¬ 
ing by its sheer repetition. 

Edward L. Thorndike 

T3DA0HK&S OOIiLEGB, 

Columbia Univeesitv 

18 MALIGNANCY DUB TO A PROCESS 

ANALOGOUS TO SOMATIC MUTATION? 

Malignant tumors develop in the walls of parasitic 
cysts of C^iicercua faaciolaria, the ^ larval stage of 
Taenia taeniaeformis (oraseicoUia), the common tape¬ 
worm of the cat. Tumors have been produced experi¬ 
mentally by feeding rats Taenia eggs derived from cat 
feces. The shells of these eggs are digested off in 
the rat’s intestine, and the oncospheres attach them- 
selv^ to the wall of the intestine, work their way into 
&e blood vessels of the gut wall and are carried to 
liver by the portal circulation. They are strained 
. 0tA in the liver capillaries and grow rapidly forming 

/ * The detailed results for all the experlmeuts will be 
; isil^yied at aa early date. 


clear vesicles, which about the seventh day become 
visible to the unaided eye. 

At this stage some of the larvae have been trans¬ 
planted to the subcutaneous tissues of other rats, but 
for the most part they have been allowed to continue 
their development in the liver. In either locality the 
growing larvae initiate considerable proliferative 
activity in the surrounding tissues which results in 
the formation of fibrous cyst walls. After from 8 to 
27 months the cells of these cysts may show active 
and often atypical proliferation and may undergo 
malignant changes. 

Most of the tumors produced have been poly¬ 
morphous cell sarcomata, spindle cell sarcomata or a 
mixture of the two. The rarer tumors were of the 
following types: flbroma, chondroma, osteochondroma, 
chondrosarcoma, osteochondrosarcoma, fibrosarcoma, 
liposarcoma, adenoma and carcino-ostoochondrosar- 
coma. 

At the beginning of the present analysis (June, 
1932) 52,223 rats from completed pedigreed matings 
had been autopsied. Of these 26,172 were infested 
with the parasite, 13,120 had survived the infestation 
for at least eight months (the minimum period of in¬ 
festation observed in the case of a bearer of a Cysti- 
ccrcus sarcoma) and 3,285 had Cysticcrcus sarcoma. 
Besides these, 68 purchased animals and 316 of the 
unpedigretMi descendants of purchased animals had the 
malignant complication of the Cysticercua disease. 

Taenia eggs from cats obtained from various parts 
of the city and suburbs and others infested in the 
laboratory were equally effective in producing the dis¬ 
ease and the associated malignant tumor, but rats 
showed marked strain and family differences in the 
proportion of individuals which developed both the 
disease and the complication. 

Early in the experiments it was noted that the duni' 
tion of the irritation (that is, the residence of the 
parasite in the liver) before the appearance of the 
malignant phase of the Cyaticercus disease varied over 
a period of 19 months, which is half the maximum 
life span of our laboratory rats. Furthermore, the 
proportion of tumor bearers increased directly from 
the eighth to the twentieth month of infestation. It 
was also noted that usually only one cyst and in some 
of the early tumors only a^small area of the cyst 
wall showed the malignant transformation, although 
the host might have had one to one hundred other 
cysts which were benign. Occasionally two or more 
apparently independent Cysticerem tumors occurred 
in the same host. 

The clue to the explanation of the strain and 
family differences and to the variations in the dura¬ 
tion of infestation appeared in the present analysis, 
when it was observed that in the 3,669 bearers of 
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CysHcercus garcoma there was a significant negative 
correlation (- ,527 ^ .008) between the number of 
cysts in the liver and the duration of infestation with 
the parasite. It follows that if the bearers of 
CysUcerctbs sarcoma are distributed according to the 
number of parasitic cysts, a general decrease in the 
duration of infestation is observed with each succes¬ 
sive increase in the number of cysts. Also the mean 
age at autopsy of these tumor bearers is parallel to 
the duration of infestation and in each case exceeds 
it by apxiroximately two months, the average age at 
which the rats were infested. For each number of 
cysts the mean duration of infestation and mean age 
arc slightly higher for females than for males, but 
in many cases the differences are not statistically 
significant. The essential factor is the duration of 
the irritation and not the actual age of the ra^ This 
is shown when the tumor bearers are classified accord¬ 
ing to the age at which they were infested, for the 
mean age at autop.sy nscs proportionately with the 
age at which they were fed Taenia eggs; but the dura¬ 
tion of infestation remains constant instead of de¬ 
creasing directly with the age fed, as would be ex¬ 
pected if age were the important factor. The mean 
duration of infestation not only became shorter but 
also became less variable with the increase in the 
number of Cys^iicerem cysts. This is shown by a 
gradual decrease in the standard deviations of the 
duration of infestation. 

If the frequencies of rats infested with successive 
numbers of cysts are cut off at the mean period of in¬ 
festation for tumor hosts with the corresi>onding 
numbers ol‘ cysts, and the percentage of tumor bearers 
among these is calculated, it is observed that the pro¬ 
portion of tumor bearers increases almost directly 
from 31.5 per cent, of the individuals with one cyst 
to 85.7 per cent, of those with 60 cysts. Above 50 
cysts the number of rats in each group is small, since 
such large numbers of parasites are detrimental to 
tlie host. Nevertheless, in general the proportion of 
tumor bearers continues to increase with increase in 
numbers of cysts, and in several cases reaches 100 per 
cent, of the survivors of the minimum period of in¬ 
festation. The males show a tendency to a slightly 
higher percentage of tumor bearers than the females, 
but in most cases the difference is not statistically 
significant. 

If the different strains are considered separately, 
it appears that they all show the same general 
t-endency to an increase in proportion of tumors with 
an increase in the numbers of parasites, but in some 
the increase is more rapid than in others. Further¬ 
more, if in each strain the number of infested rats 
which reached the mean period of infestation for 
tumor bearers with the corresponding number of cysts 


is summed for the successive numbers of cysts, and 
the percentage of these which were tumor bearers is 
calculated, a marked difference is observed between 
certain strains. It can be demonstrated that this 
difference is determined by two factors, relative 
longevity and susceptibility to Cysticercita disease. 
That is, those strains which show a low proportion of 
tumor bearer.s show a low average length of life and 
a marked resistance to the Cysticercus disease, while 
the strains with a high proportion of tumor bearers 
show either a long average life span or a high degree 
of susceptibility to the disease. 

Since an increase in the number of cysts, that is, 
an increase in the surface exposed to the irritant, de¬ 
creases directly the time interval necessary for the 
onset of the malignant process and increases directly 
the probability of its occurrence until it becomes in¬ 
evitable, it is apparent that chance is an important 
factor in the change of a normal to a cancer cell. 
Further, in the case of Cysticerrus sarcoma hereditary 
factors influence the occurrence of malignancy only as 
they influence susceptibility of the individual to 
Cysticercufi disease and longevity. Possibly when 
more is known about the etiology of other tumors for 
which there appears to be an inherited susceptibility 
and when the expression of genetic factors in the cells 
and tissues is better understood, it will be found that 
in the case of all neoplasms in all species the initial 
ceil change occurs by a process analogous to somatic 
mutation and that hereditary factors determine this 
change only in so far as they influence longevity and 
the susceptibility of an individual to some specific 
irritant or condition which is favorable to mutation. 

M. R. Curtis 
W. F. Dunning 
F. D. Bullock 

Institute or Canceb Beseaech 
Columbia University 
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GENETICS AND EMBRYOLOGY* 

By Professor CHARLES ZELENY 

UNIVERSITY OF ILLINOIS 


Thb rapid rise of genetics has led to difficulties in 
relating its findings to those of embryology. The 
view has been expressed that progress in genetics is 
endangered by explorations in border fields. The 
problem has a general significance and seems to war¬ 
rant discussion before a group of zoologists. 

Inbbsedino and Outbeeediko 
In treating these difficulties it may be allowable to 
take a theory of one of the necessary conditions of 
evolution and to apply it to the analogous realm of 
seientiflo progress. Among the numerous construc¬ 
tive contributions of genetics to the discussion of the 
factors of evolution is the support it gives to the 
view that periods of isolation alternating with periods 

3 Address of the vice-president and chairman of Bee- 
tion F^Zoological Sciences, American Association for 
^ Advancement of Science, presented at the Zoologists ’ 
il^iineri Atlantic City, December 29,1982. 


of intermingling among groups are necessary for 
progress. Inbreeding and outbreeding are both 
essential. New hereditary constitutions are swamped 
by outbreeding, and their recessive genes are in¬ 
capable of expression under the condition of free 
contact within a largo population. 

With progressive isolation, small, homozygous, 
closely knit populations are produced. Each estab¬ 
lishes its own clear and definite racial qualities. Many 
of the groups die out because of inherent weakness. 
Others have innate vigor and continue to flourish 
under isolation for n considerable period of time. 

For the latter, two roads are open. If they con¬ 
tinue in isolation their homozygous constitution leads 
to stagnation and their incapacity for rapid response 
to changing environments dooms them to extinction. 
If, on the other hand, after they have established 
themselves under isolation and are no longer in 
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danger of being swamped by outbreeding, they break 
through the barrier separating them from their 
neighbors, they give and receive valuable contribu¬ 
tions. A great variety of new gene combinations be¬ 
comes available. A new period of isolation may 
establish some of these as promising steps in further 
evolution. So, with alternating cycles of inbreeding 
and outbreeding, rapid evolution is made possible. 

This theory may be extended to the analogous con¬ 
ditions of scientific progress. The enthusiasm of a 
group in a special field may lead to isolation. Isola¬ 
tion favors tiie development of clearly defined con¬ 
cepts and of Avell-organized programs of investigation 
along the lines prescribed by these concepts. This 
favorable result, however, may be followed by the 
development of routines of procedure, leading, if the 
isolation be long continued, to eventual stagnation and 
sterility of the field in question. 

From this sad fate the special science may be 
rescued by the stimulus of excursions into neighbor¬ 
ing realms. The explorers may bring back many 
“wild and unusual” data that refuse to be confined 
within the corrals of the defenders of the home terri¬ 
tory. Much confusion results. The situation is 
“viewed with alarm” by the home guard. But from 
these outside contacts new concepts arise which gain 
precision and clear definition in a new era of organ¬ 
ised investigation. Thus alternating periods of isola¬ 
tion and of contact favor scientific progress. 

History op Genetics 

Among the difficulties connected with the establish¬ 
ment of genetics wore (1) the preoccupation of biol¬ 
ogists with the interests and enthusiasms aroused by 
the publication of Darwin“Origin of Species,” (2) 
the introduction of a method of investigation un¬ 
familiar to biologists, and (3) the inadequacy of 
knowledge of the processes of sexual reproduction. 

Upon the rediscovery of Mendel’s laws a small, 
compact body of active investigators extended his 
method to an cver-increasing number of species and 
to all details of somatic characteristics, including 
form, size, function and even behavior. The concept 
of stable units of heredity, or genes, was firmly estab¬ 
lished as a general law, and coordinately with it the 
law of segregation of the units of a pair in the forma¬ 
tion of the gametes and the independent assortment 
of different pairs. Independent assortment was found 
to have exceptions. Linkage groups were recognized, 
and within a group there was discovered a certain 
percentage of breaking of the linkage, constant for 
any two pairs of genes. These percentages were 
shown to have a definite quantitative relation, such 
that the values in any linkage group could be ar¬ 
ranged in linear order. And so, on and on, analyses 


of heredity data were made in terms of symbols, the 
genes, in a manner analogous to the atomic system of 
the chemists. 

The investigators in genetics formed a compact 
body, the members of which had the same desire for 
demonstration of the universality of application of 
the gene concept. A very close inbreeding of ideas 
occurred, making the concept more and more well 
defined, unquestioned and all-sufficient. This isola¬ 
tion was of great importance from the standpoint of 
adequate development and demonstration of the gene 
concept. If the majority of geneticists had devoted 
their time from the very start to seeking points of 
contact with prevailing views in other biological fields, 
instead of devoting themselves to their knitting, the 
progress of the science of heredity might have been 
swallowed up in a morass of conflicting and imper¬ 
fectly grounded speculations. 

The next stage was not so profitable. Viewing 
with satisfaction the tremendous advance in “atomic 
explanation” of heredity and the ever-increasing num¬ 
ber of individual cases to which it could be applied, 
geneticists tended to continue in isolation indefinitely 
on the ground of lack of sufficient data for an ade¬ 
quate approach to other biological fields. The fact 
that at its beginning the view of general significance 
of Mendel’s results was a wild speculation, seemingly 
contrary to the bulk of previous observation, was for¬ 
gotten. The need of stimulation by foreign ideas was 
lost sight of in the desire for retaining clearness of 
objective. In other words, the inbreeding was giving 
rise to a homozygous population of ideas, and genetics 
seemed destined to the stagnation and sterility of an 
exercise in gene sorting. 

The Cytological Frontier 

From this stagnaton genetics was rescued tem¬ 
porarily by the older and continuing developments in 
cytology. The contacts here illustrate both extremes 
of functional relationship. 

In the one extreme, two separate fields of biolog¬ 
ical inquiry develop independently to such an extent 
that the observations in one fit naturally into a com¬ 
mon system with the other. No test is necessary. 
No independent demonstration is needed. For ex¬ 
ample, the law of segregation of genes fits naturally 
into the cytological observation of the separation of 
the chromosomes of a pair during maturation. 

In an intermediate situation, observations in one 
field seem so obviously to be explained by those in 
another, yet without direct confirmation, that after 
the relation between the two is suggested, the con¬ 
firmatory test may be applied at once. Test follows 
suggestion inevitably. For example, the law of in¬ 
dependent assortment of different pairs of genes sag- 
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gestfl independent assortment of different pairs of 
chromosomes. But such assortment of chromosomes 
could not be demonstrated until marked pairs were 
available for cytologioal observation. (Explanation 
of linkage of genes as due to location within a single 
chromosome also followed as a natural consequence 
of this hypothesis.) 

At the other extreme, daring hypotheses of rela¬ 
tionship are necessary. They must be working hy¬ 
potheses, recognized as capable of teat and therefore 
stimulating the invention of devices for test. A good 
example is the daring speculation on the cytological 
basis of linkage breaks, the view that the percentage 
of breaks in linkage is explained by the percentage 
of crossing over between the members of a pair of 
chromosomes. Its natural sequel is the view of a 
linear order of gene-containing chromatin granules 
within a chromosome and the accompanying exercises 
in chromosome map construction. When first for¬ 
mulated this hypothesis certainly was a daring specu¬ 
lation, but being accepted as a working hypothesis 
it was capable of test and has been substantiated in 
many different ways. The stimulus it gave to con- 
structiAc work in genetics does not need review before 
this audience. 

The sucecijs of the first excursions into the cytolog¬ 
ical realm led to similar ones concerned with de¬ 
ficiencies, translocations and many other phenomena 
of genetics. Continued success led to practical oblit¬ 
eration of the frontier, and now the terminology of 
the older genetics is fused with that of cytology, and 
the old symbols for units of heredity have become 
parts of chromosomes. Genetics, having incorporated 
cytology into its realm in this manner, entered upon 
a new program of sorting and rearranging genes and 
groups of genes, hi place of the algebraic symbols 
of the old genetics, there were substituted the chroma¬ 
tin granules and chromosomal rods of the new, and 
these can be sorted and rearranged even more readily 
than the old symbols. The enthusiastic endeavors and 
striking advances in this field are commonplaces of 
recent genetics. 

The cross between genetics and cytology was fertile, 
and the new period of inbreeding in the united realm 
has standardized concepts and procedures. The con¬ 
cepts are morphological ones and have now reached 
sufficient maturity so that they may be safely out- 
crossed with physiological and embryological ones. 

Thk Embutological Frontier 

The wide gap between the genes as postulated units 
of heredity and their somatic expression in the adult 
can be bridged only by observations of embryological 
events. As at other frontiers, besides independent 
cultivation of the two fields in the hope that some 
obvious connection will appear, there should be co¬ 


ordination of experimental procedures, including 
materials from both sides. 

Genetics supplies a technique for controlling hered¬ 
itary constitutions. Experimental embryology sup¬ 
plies a technique for control of internal and external 
environments. From the embryological side a com¬ 
parison can be made of two reaction systems, alike 
in all respects but one, and that one a single gene or 
a single component of the environment. A program 
of procedure based upon tliis possibility should 
.throw valuable light upon the nature of genes and 
upon the physiological processes initiated by them. 
Study of time, place and nature of the changes in 
relative rates of physiological processes is of the 
greatest importance. In such a study the succession 
of events in the regeneration of an organ is a valuable 
aid and often yields clearer results than does a study 
of the more complex transformations of normal em- 
br>^ology. 

Genetics made early contacts with embryology in 
the field of dominance, but for a long time evaded 
the issue by means of the presenec-and-absence hy¬ 
pothesis. Multiple allelomorphs, the multiple effects 
(»f a single gene difference, the multiple factors con¬ 
cerned in a single somatic character, the effects of 
deficiencies and numberless other observations sug¬ 
gest intimate functional relations with embryology. 

As examples, two embryological investigations will 
bo outlined: the first is far from the frontier and 
concerns some observations on the development of 
serpulid worms; the second is near the frontier and 
concerns some observations on the bar-eye series of 
multiple allelomorphs in Drosophila 

Serpulid DevkivOpment 

In all genera of serpulids the worm .secretes a cal¬ 
careous tube. There are two semicircles of gills, one 
on each side of the head. Each gill lias a central 
shaft with thread-like pinnules on each side and with 
a terminal thread. The gills have a food-collecting as 
well as a respiratory function. 

In the adults of one group of genera, of which 
Protula is an example, all the gills retain this typical 
gill structure. 

In the adults of a second group, of which Apomatus 
is an example, the second gfll from the dorsal side in 
each row has a terminal enlargement in place of the 
terminal thread. This acts as a plug, or operculum, 
for closing the mouth of the tube. Both of these 
modified gills retain the lateral pinnules and continue 
to have a respiratory and food-collecting function as 
well-as the opercular one. 

In the adults of a third group of genera, of which 
Serpula is an example, in place of one of the second 
gills there is an operculum without gill function. Its 
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stalk is without the lateral pinnules, and the terminal 
enlargement is a simple cup with a notched edge. In 
place of the other second gill, there is a hud of 
embryonic cells, the rudimentary operculum. 

In the adults of the fourth group of genera, of 
which Hydroides is an example, the relations of the 
structures are like those of the third group, but 
the functional operculum is a much larger and more 
complicated organ, having its terminal enlargement 
made up of two distinct cups, each with its own 
spines. 

In their individual life cycles members of the fourth, 
or Hydroides, group pass through definite stages re¬ 
sembling closely the adult stages of tlie other groups. 
Emphasis is to be laid on the fact that these stages 
are passed through after the worms have completed 
the egg and free-living lar\^al stages and after they 
have entered upon the sedentary mode of life in a 
calcareous tube. In each stage the function of the 
organs of the opercular series is the same as that of 
their adult homologues. The stages arc not the transi¬ 
tory phases of a construction process. Furthermore, 
one stage is not, in any obvious sense, a necessary 
mechanical step in the building of the succeeding one. 
In fact, the transformation involves a radical de¬ 
struction of parts of the preceding stage and the 
construction of strikingly different new parts. In 
some of the steps of the transformation the whole 
old organ is destroyed and is replaced by a new one. 

The process warrants further description of the 
development of Hydroides. Soon after the free- 
swimming larvae settle down and secrete a limy tube, 
they form a right and a left row of gills, of the first, 
or Protula, type, without opercular modifications. 
After several days in this condition, the ceils at the 
base of the terminal thread of the second left gill 
divide rapidly, forming an opercular enlargement, and 
tlie terminal thread is absorbed, but the stalk retains 
its lateral respiratory pinnules. The organ now has 
’ the general plan of the second gill of the second, or 
Apomatus, type. The opercular swelling continues its 
growth and forms a single cup with a serrated edge. 
The lateral pinnules are absorbed and the organ is a 
functional operculum of the adult third, or Serpula, 
type. In the meantime, the second right gill stops 
its growth, its terminal thread and lateral pinnules 
shrivel, and the stalk drops off at a definite cleavage 
plane near its base. The cells of the basal stub 
proliferate to form a small bud of embryonic charac¬ 
ter. At this point the whole opercular system, right 
and left, resembles that of adults of the genus 
Serpula. After a few weeks in this condition, a time 
during which new gills are added at the ventral edge 
of each branchial circlet, the functional operculum, 
in the position of the second left gilt, drops off at a 
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basal cleavage plane. The embryonic bud at the posi^ 
tion of the second right gill now enlarges rapidly 
and develops into an operculum with a complicated 
double cup of the fourth, or adult Hydroides, type. 
At the same time, a bud of embryonic cells, the new 
rudimentary operculum, is developed in place of the 
lost functional operculum of the third, or Serpula, 
type. 

According to the findings of genetics, the gene com¬ 
plement of the cells involved in the development of 
the second gill, right or left, remains unchanged 
throughout the life cycle of Hydroides. It is stimu¬ 
lated to respond in one way at one time and in an¬ 
other way at another time, or the physiological 
processes initiated earlier in the life cycle and in¬ 
volved in the opercular modification, affect the cells 
in these positions in different ways at different times. 
That the structural differentiation at any stage is not 
merely part of a sequence of necessary events in the 
erection of the adult structure is evidenced by the 
fact that regeneration of the removed functional 
organ (whether gill without opercular modification, 
gill with opercular modification, Serpula type of 
operculum or Hydroides type of operculum) gives a 
replica of the removed organ icithout recapitulatory 
stages. Thus an organ may be repeated in duplicate 
by appropriate stimulation either of the basal cells 
of the removed organ or of the prepared embryonio 
bud of the opposite side. Transplantation technique 
should yield further important results. 

A stage in such a series is not the natural develop¬ 
mental consequence of the immediately preceding type 
of development of an organ. The change is a deep- 
seated one, involving other parts of the body and con- 
oemed with the time at which the gone complex is 
stimulated to activity. 

The same genes stimulated by the different physio¬ 
logical agents of different periods of the life cycle 
give strikingly different somatic results at a particular 
point in the individual. In the same way, two exactly 
similar gene complexes of two groups of cells located 
in different parts of the same individual may at one 
time respond in different ways because the stimulating 
agents differ. The problem of differentiation of the 
individual, therefore, is one involving both time and 
place, though the gene complex is postulated to re¬ 
main constant and independent of time and place. 

Prom the standpoint of the recapitulation theory 
in its old form, the ombryological facts find a ready 
explanation in terms of the supposed phytogeny of 
Hydroides. The problem may, however, be stated in 
other terms. How can one hereditary constitution 
give a juvenile organ different from its own adult 
organ but similar to the adult organ resulting from' 
another hc$)reditary constitution t The answer is nat 
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ItppiMWit, but two considerations may have a bearing 
upon the question: First, the differences in the 
opereula of the adults of the four groups of genera 
are similar to differences resulting from gene muta¬ 
tions in other animals. Second, changes in physio¬ 
logical processes resulting from environmental factors 
have been shown in many cases to resemble changes iiL 
physiological processes resulting from gene mutation 
without corresponding environmental change. May 
we not be justified in formulating the v>orking hy¬ 
pothesis that gene mutation produces change in gene 
reaction similar to that produced in physiological 
processes by environmental change? And further, 
may we not be justified in hunting here for clues to 
the nature of gene action and even to the nature of 
gene structure? 

Why does a gene complex express itself at the site 
of the second gill in different ways at different times 
in the life cycle? A gill without opercular modifica¬ 
tion, a gill with opercular enlargement, an operculum 
of the Serpula type and an operculum of the 
Hydroides type—these are not stages in the develop¬ 
ment of the adult Hydroides structure; but, as re¬ 
generation studies show, they are characteristically 
different and independent expressions of a single 
genotype at one and the same location in the develop¬ 
ing individual. Certainly a more intimate study of 
the developmental processes in ontogeny will throw 
some light on the nature of the gene differences at 
the basis of differences in adult somatic expression. 
Such a study should pay special attention to regenera¬ 
tion and grafting technique in forms differing in a 
single gene or in a single environmental factor when 
all other hereditary and environmental factors are 
controlled. 

Multiple ALX4KLOMORPn8 

The second embryological investigation concerns 
the changes produced by a single gene mutation. 

The different members of the bar-eye series of 
allelomorphs in Drosophila have characteristic dif¬ 
ferences in size of the eyes and in number of 
ommatidia as determined by facet counts. From the 
genetics side much is known of the normal rates of 
mutation, quantity and position effects within the 
gene or its immediate neighborhood, and accelera¬ 
tion of the rate of mutation under x-ray and radium 
treatment and at high temperatures. 

The number of eye facets is strikingly affected by 
tbe temperature of the developing individual, and 
each mutant has its own temperature coefficient. In 
most of the members of the series the number of 
facets decreases with increase in temperature, but in 
ilifra^bat there is a reversal of the temperature effect. 
Tlie diaraeteristio adult somatic differences of several 


mutants thus may be simulated by one mutant When 
raised at different temperatures. 

By appropriate transfers of larvae from one tem¬ 
perature to another at different times in different 
individuals, it is possible to locate in the life cycle 
the exact period during which temperature has a 
differential effect. This effective period comes in the 
third instar of the larva, has definite limits and is 
of short duration. The temperature of the develop¬ 
ing individual at other times in its life cycle has no 
effect upon the number of facets in the adult eye. 
If we assume that the different physiological processes 
involved in the development of the eye have dif¬ 
ferent temperature coefficients the differences in adult 
facet numbers of individuals raised at different tem¬ 
peratures are explained. 

Changes in the bar-gene may be postulated to pro¬ 
duce changes in the relative rates of the processes 
acting during the effective period and thus bring 
about changes in the temperature coefficients of the 
mutants and may even reverse the effect. A study of 
the nature of the difference in developmental proc¬ 
esses produced by the different genes of such a series 
of mutations is likewise an avenue of approach to 
knowledge of the structure of the gene and the nature 
of gone action. 

Since the circumstances connected with the pro¬ 
duction of the bar mutants make it possible to formu¬ 
late a theory of difference between the genes of the 
series in terms of structural change, quantitative in 
some cases, and since the resulting somatic effects 
may bo measured in terms of temperature effect upon 
an individual with unchanged genes, it seems worth 
while to postulate, for purposes of experimental 
test, theories of gene action in terms of relative rates 
of the physiological effects they produce. 

Conclusion 

In conclusion, let us return to the original thesis, 
of the need of recurring cycles of inbreeding and 
outbreeding for sound scientific progress. Daring ex¬ 
plorations on the embryological frontier of genetics, 
long considered by many geneticists as wild and 
dangerous speculations, are gaining ground as legiti¬ 
mate enterprises. Some of the results of these ex¬ 
plorations are receiving atten^ion. Both genetics and 
embryology are profiting by the functional contact. 
Fears that the “organizer’^ of the embryologist might 
destroy the gene or that the gene might inactivate 
the “organizer” are turning out to bo groundless. 
Both concepts have passed their immature periods in 
isolation; they are now mature, and the union is a 
fertile one. It will serve no good purpose to brand 
the offspring as illegitimate. 
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EDWIN CHAPIN STARKS 

Edwin Chapin Starks, associate professor of 
zoology emeritus in Stanford University, died at his 
home in Palo Alto, California, on December 29, 1932. 
He was born in Baraboo, Wisconsin, on January 25, 
1867, and spent his youth mainly in Chicago, where 
he received las early education, and afterward en¬ 
gaged in business. With an inborn interest in liv¬ 
ing things he was especially attracted by fishes, and 
early set about finding out all he could concerning 
them. He collected specimens of all that came within 
his range, mounted most of them in a remarkably 
skilful manner, and found out their names and rela¬ 
tionships, searching all available libraries to do so. 
He entered into correspondence witli Dr. Theodore 
Gill, of the U. S. National Museum, and with Dr. 
David Starr Jordan, then president of the Uni¬ 
versity of Indiana. Ilis eager inquiries received 
cordial welcome and prompt response from each of 
these great naturalists. To Dr. Gill may be traced 
his interest in the osteology of fishes, which later be¬ 
came his main field of study. Dr. Jordan encouraged 
him as he alone could, and the avocation of the boy 
and young man soon became the fixed ideal of his 
life. In 1893 ho entered Stanford University as a 
special student in zoology, and quickly found a wel¬ 
come in the enthusiastic group in that department 
under the guidance of President Jordan and Pro¬ 
fessor C. H. Gilbert. His definite purpose was to 
become a zoologist, an authority in the field of 
ichthyology, and nothing swerved him an instant from 
that goal. Things which did not bear directly upon 
this end he banished from his program without 
hesitation ns useless distractions. The then existing 
major subject system at Stanford made po.ssible a 
concentration of study and effort rarely found open 
to-day, especially for the so-called “special student,” 
now almost standardized out of existence. He never 
took the trouble to fulfil the routine entrance re¬ 
quirements, and thus to become a regular student, 
nor to qualify for a degree. In such matters and in 
formal courses he was not interested. The privileges 
of laboratory, scientific collections and library, the 
sympathetic advice and guidance of able and inspiring 
teachers, the daily contact with a select number of 
ambitious associates gave him all the opportunities 
he desired. Equipped with an alert and naturally 
keen mind, and with powers of concentration far 
above the average, he soon justified the confidence 
placed in him. 

In December, 1894, he accompanied Dr, Jordan and 
several other students on a zoological collecting trip 
to MazatlAn, Mexico, the first of many such field 
journeys in which his love of travel and adventure 


and of the study of living things in their natural 
surroundings was to have full range. The following 
summer he took part in an exploration of Puget 
Sound, headed by Professor Meany, of the Univer¬ 
sity of Washington, in which the first systematic 
dredging in that body of water was undertaken. 
Back at Stanford in the fall, he again left in Decem¬ 
ber, 1895, for southern waters, this time with Dr. C. 
H. Gilbert on the Stanford Expedition to Panama, 
where four months were filled with intensive field 
work upon the fishes of that region. 

He was married in June, 1897, to a fellow Stanford 
student, Miss Chloe F. liCsley, who later also became 
a member of the faculty, and ns associate professor 
of graphic art was retired in 1932. Their daughter, 
Dr. Dorothy J. Starks, is now an instructor in radiol¬ 
ogy in the Stanford University School of Medicine. 

In 3897 he was appointed to an assistantship in 
the U. S. Biological Survey under Dr. C. Hart Mcr- 
riam at Washington, where he spent two busy years. 
An opportunity to join the Harriman Expedition to 
Alaska in the summer of 1899 was eagerly seized, as 
it opened a new field of experiences and an excellent 
opportunity for acquaintance with the noted group 
of scientists taking part in it On his return he be¬ 
came curator of the museum and assistant professor 
of zoology in the University of Washington. In 1901 
he was called to Stanford as curator of zoology, was 
made assistant professor in 1907, and associate pro¬ 
fessor in 1927, in which capacity he served until his 
retirement in 1932. 

In 1904 Professor Starks took part in a field trip 
for the U. S. Bureau of Fisheries in Oregon, under 
the leadership of Professor J. 0. Snyder. In 1910 
the Stanford Expedition to Brazil, headed by Profes¬ 
sor J. C. Branner, gave him an opportunity to be¬ 
come acquainted with its northern and northcasteni 
coasts and to make extensive collections of fishes there. 
A trip to Europe in 1907 to visit museums and to 
form personal contacts with zoologists, whom he had 
already known through correspondence and exchange 
of publications, was followed by a longer one with 
his family in 1913 and 1914, a part of which was 
spent in research in the Zoological Station at Naples 
and in museum work, the remainder in travel and in 
art studies. 

The summers of 1909 and 1912 found him again 
on the waters of Puget Sound, in the former year as 
instructor in zoology at the Friday Harbor Marine 
Laboratory, in the latter as an investigator there. In 
the summer and fall of 1926 he made his last long 
collecting trip, a private one undertaken to the Philip¬ 
pines to secure certain forms for osteologioal study 
not otherwise procurable. 
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Throughout all these years and almost up to the 
very end of his life his scientific writings steadily 
appeared, the total number reaching more than 
eighty. Based upon each of the above expeditions 
were extensive reports dealing with faunistic and dis¬ 
tributional results, either written by himself alone, 
or in collaboration with Dr. Jordan, Dr. Gilbert or 
others. The most notable of his many publications 
deal with the comparative osteology of fishes, in 
which he became a recognized authority. His care¬ 
ful analytical studies in this difficult field have thrown 
mucli light on the relationships of a large number of 
genera and families, and have furnished a solid basis 
for their cla,ssification. Not a little of the value of 
this senes of studies is due to the unfailing coopera¬ 
tion of his wife, Mrs. Chloe Lesley Starks, whose 
superb artistic skill and accuracy provided his papers 
with illustrations not to he excelled anywhere. 

Professor Starks was a life member of the Califor¬ 
nia Academy of Sciences, to the Proceedings of which 
he contributed many important papers. He was also 
a corresponding member of the Zoological Society of 
London and a fellow of the American Association for 
the Advancement of Science. 

As a teacher he was exceptionally gifted. Ilis 
broad sympathy with students, his patience and 
clarity in exposition, his contagious enthusiasm, and 
his kindly humor won the affection and admiration 
of ail his pupils. As a colleague he held a high place 
in the estimation of his faculty associates. His mod¬ 
est, retiring disposition led him to shun publicity, but 
his constant and generous hospitality within his own 
home drew around him a group small but unusually 
devoted. 

Apart from his scientific work Professor Starks’ 
interests were many and varied. Although a natural¬ 
ist he found no pleasure in hunting or angling, but 
took the greatest delight in outdoor life, and in travel 
contects with other places and peoples. He was an 
avid reader and his well-selected library gave evidence 
of his breadth of interest in the best in literature and 
art. His usual recreation was sought in his work¬ 
shop, and from it issued from time to time artistic 
and beautiful products of his craftsmanship in wood 
and metal that were the wonder and envy of his 
friends. Photography and fine printing were also 
hobbies in which he excelled. His experiences and 
observations on each of his many expeditions were 
carefully recorded in separate journals, illustrated 
with sketches and photographs. Three of these, his 
own printing and binding, models of fine bookmaking, 
are highly prized by those of his friends who were 
fortunate enough to receive copies. 

A broad appreciation of the beautiful in nature, in 
life^ literature and art enriched his years: Upon his 


release from teaching responsibility he looked forward 
to continued activity in research and travel. But it 
was not to be. Never robust physically, an increasing 
cardiac weakness terminated his life after a short 
illness. His scientific writings will stand as a 
memorial to his exact and painstaking industry and 
high scholarship, his former pupils, his colleagues, 
and his friends will cherish still more the memory 
of a kind and joyous personality, sincere and faith¬ 
ful to the end. 

r. M. MacFarland 

Stakfobj) University 

HERMAN THEODOR HOLM 

Db. Heuman Theodor Holm, wlio was on the staff 
of the Department of Agriculture for several years 
and who was connected with the department in 
various phases of scientific work for many years, 
passed away at Providence Hospital, after a brief 
illness, on December 26, 1932. 

Dr. Holm was born in Copenhagen, Denmark, on 
February 3, 3854, and graduated under Warming 
from the University of Copenhagen in 1880. He was 
appointed to the Denmark North Polar Expedition 
in 1882 as botanist and zoologist under Admiral 
Garda and for some two years was icebound in Green¬ 
land, He added greatly to the botanical knowledge 
of West Greenland, and his extensive knowledge of 
altitude and circumpolar floras compelled attention 
of all interested in this subject. 

On April 12, 1888, Dr. Holm landed in New York 
City, and as soon thereafter as possible applied for 
citizenship. He enjoyed telling that he was an Ameri¬ 
can by choice and that we could not help ourselves.” 
Very soon after coming to this country he was ap¬ 
pointed assistant botanist in the U. S. National 
Museum and occupied that position from 1888 to 
1893, an<l was then appointed assistant pathologist 
in the U. S. Department of Agriculture. In 1897 he 
resigned this position, but, as above stated, he did 
much work for the department in connection with 
special botanical problems, drawing, and translating. 
For drawings that show the anatomy of plants he 
had no peer, and he read and translated all the 
Teutonic languages and many Latin languages. So 
wedded was he to his scientific work that some years 
ago he moved to an isolated farm in Maiydand in 
order to have uninterrupted time for his work, but 
wad finally persuaded to accept a position on the re¬ 
search staff of the Catholic University of America, 
where he was given ample room for his collections. 
Many of his papers were published in Germany, It 
seems regrettable that American botany should come 
to us through translation. 

Although wedded to his profession Dr. Holm was 
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a graoions host He gave many interesting small 
dinners and could cook on occasion. He took inflnita 
pains to help good work, but for pretense and bad 
work his criticisms were devastating. 

A. F. Woods 

IT. S. Depaetmrnt or AGRicui/ruas 

RECENT DEATHS 

James M, White, professor of architectural engi¬ 
neering and supervising architect of the University 
of Illinois, died on Feliruary 6, at the age of sixty- 
five years. 

Samuel Anthony Goldschmidt, chemist, chairman 
of the Board of Directors of the Parsons Ammonia 
Company, died on January 29, at the age of eighty- 
four years. 

Dr. Ronald STBEiiE Saddington, an assistant on 
the scientific staff of the Rockefeller Institute, died at 
the Rockefeller Institute Hospital on February 4, of 
an illness contracted three weeks ago while studying 
herpes. He was twenty-nine years old. 

Samuel W. Phillips, in charge of the erosion sta- 
tion of the Bureau of Chemistry and Soils of the 


vd. 

X7. S. Department of Agriculture at Zanesville, Ohio^ 
was shot and killed by a burgler in his home on 
January 23. Mr. Phillips was in hia thirty-ninth 
year. 

Sm J. Arthur Thomson, emeritus professor of 
natural history at the University of Aberdeen, died on 
February 12 at the age of seventy-two years. 

Sir Daniel Morris, scientific adviser in tropical 
agriculture to the British Colonial Office, previously 
from 3898 to 1905 imperial eominissioner of the West 
Indies Department of Agriculture, died on February 
9 at the age of eighty-eight years. 

Sir Frederic G. Hallett, secretary of the Im¬ 
perial Cancer Research Fund and formerly secretary 
of the conjoint board of the British Royal College 
of Physicians and Surgeons, died on February C, He 
was seventy-two years old. 

Thomas Alfred Coward, the British omithologist, 
died on January 30, at the age of sixty-six years. 

Augustin Mesnagrr, civil engineer, vice-president 
of the Paris Academy of Sciences, died on Febniary 
6. He was seventy years old. 
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SCIENTIFIC EVENTS 


INTERNATIONAL VITAMIN STANDARDS 

The international standards for vitamins A, B (B,) 
and D, which have been allotted to this country, have 
been received by Dr. E. M. Nelson, Protein and Nu¬ 
trition Division, Bureau of Chemistry and Soils, U. S. 
Department of Agriculture, Washington, D. C. These 
standards ure made available to investigators in the 
United States through the generosity of the Health 
Organization of the League of Nations. Application 
blanks for obtaining the standards, which will be 
distrihiited for scientific purposes, can be obtained 
from Dr Nelson. These standards were designed for 
the sole purpose of enabling investigators to express 
vitamin potency in units of universally accepted 
value. The quantities distributed are suitable only 
for assay with small laboratory animals, such as rats, 
pigeons and mice. In order to make the best use 
of these primai'y standards it is suggested that in¬ 
vestigators give etmsideration to the possibility of 
making suitable secondary standards through the use 
of the material distributed. 

Allotments of international standards have been de¬ 
posited with Dr. E. Fullerton Cook, chairman of the 
U. S. Pharmacopoeia Revision Committee, 43rd Street 
and Woodland Avenue, Philadelphia, Pennsylvania, 
for distribution for research purposes and for the 
standardization of a U. S. Pharmacopoeia reference 
cod liver oil. The U. S. Pharmacopoeia reference 


cod liver oil, a secondary standard for vitamins A and 
D, is to be available to all applicants at small cost 
and is intended to serve particularly for establishing 
new and more desirable definitions for vitamin po¬ 
tency of U. S. Pharmacopoeia cod liver oil. The 
U. S. Pharmacopoeia reference cod liver oil will also 
serve as a suitable standard for all products for which 
claims for vitamins A and D potency are to be made. 
An announcement concerning this reference cod liver 
oil will be made by the U. S. Pharmacopoeia Revision 
Committee. 

Hbnrt G. Knicpht 

THE MORRIS ARBORETUM 

Appointments to the executive and scientific staffs 
of the Morris Arboretum of the University of Penn¬ 
sylvania, at Chestnut Hill, have been announced. 

Dr, Rodney H. True, professor of botany and di¬ 
rector of the botanical gardens at the University of 
Pennsylvania since 1920, has been made director of 
the arboretum. Before going to Pennsylvania he was 
plant physiologist of the U. S. Department of Agri¬ 
culture in charge of physiological investigations and 
also served at various times on the faculties of Bad- 
cliffe College, the University of Wisconsin and Har¬ 
vard. 

James Lambert, superintendent of the botanical 
gardens at the univ^ty for a number of yeais and 
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a graduate of Kew Gardens in London, has been 
named superintendent of the arboretum, and the posi¬ 
tion of head gardener has been filled by the appoint¬ 
ment of John Tonkin, who was head gardener under 
Miss Morris. James O'Neill, who also was in the 
employ of Miss Morris, will be custodian. A secre¬ 
tary, whose appointment will complete the executive 
staff, will be named later. 

Four members of the faculty of botany have been 
appointed to the scientiEo staff. They are Professor 
Harlan H. York, pathologist; Associate Professor Ed¬ 
gar T, Wherry, ecologist; Associate Professor Conway 
Zirkle, geneticist, and Assistant Professor John M. 
Fogg, Jr., taxonomist. 

Dr. York will carry on research investigations in 
connection with plant diseases, with particular refer¬ 
ence to trees. Prior to becoming a member of the 
university faculty, Dr. York served as expert in 
charge of the research program in the forestry project 
of the New York State Department of Conservation. 

As ecologist, Dr. Wherry will direct the study of 
plants in their relation to soil and atmospheric con¬ 
ditions and the relation of plants to each other in 
mixed plantings. 

Dr. Zirkle, who is a former member of the research 
staff at Harvard University, will be associated chiefly 
with special studies of the reproductive processes in 
higher plants, particularly with reference to the 
processes concerned in inheritance. 

Dr. Fogg will be in charge of the identification 
and grouping of the plants in the arboretum on the 
basis of their botanical relationship. It is the inten¬ 
tion to assemble at Compton the most complete 
herbarium of woody plants that it is possible to col¬ 
lect from all parts of the world. 

In addition to the executive and scientific staff, the 
organization of an advisory staff, which will include a 
landscape architect, a zoologist, a chemist and an engi¬ 
neer, has been recommended by the committee on ad¬ 
ministration of the arboretum, of which Dr. George 
Wm. McClelland, vice-president of the university in 
obazge of the undergraduate schools, is chairman. 
The members of the advisory staff will be designated 
by the respective deans or department heads, subject 
to the approval of the committee on administration. 

THE PROPOSED EVERGLADES NATIONAL 
PARK 

Wk are permitted to print the following memoran¬ 
dum addressed on January 7 by Dr. Wilbur, Secre¬ 
tary of the Interior, to Horace M. Albright, director 
of the National Park Service: 

With the help of Dr. Fairchild and Judge Hitter, presi¬ 
dent of the association, and through the kindness of 
Henry L. Doherty, I was taken to Cape Largo, then 


by water through the Keys to Cape Sable, then to the 
mouth of the Shark Biver, up the Shark Biver through 
the Ten Thousand Islands to Everglades, and then along 
the Tamiami Trail, both west and east. Tho map of 
which I was sent a copy was most helpful. When addi¬ 
tional copies are available, 1 should like to have them 
sent to Messrs. Doherty, Bitter and Fairchild. 

This area has outstanding qualidcations for national 
park status. It should bo maintained as a water or 
marine park and a wide area should be taken in. Every 
effort should be made to keep this a primitive area. I 
think roads should not be built through it, but that the 
road which now goes down to the Middle Beach and the 
Cape Sable area, should be improved, and this region 
should be the southern entrance to the park. Tho north¬ 
ern entrance sliould be at Everglades. All visitors to the 
remote areas of the x>ark should go by water. As few 
trails as possible should be built. These can be of simple 
construction, using elevated planks. This would avoid 
the mud with the change in tides, snakes, etc. 

The protection of tho park can be brought about by 
rangers with small boats, and by an autogiro. It is evi¬ 
dent that the profjer development of this park will not 
be costly and that the cost of its control and manage¬ 
ment can be kept down to figures that will bo largely 
met by tho usual reasonable entrance foes. 

I need not describe the beauty of tho mangrove for¬ 
ests, the unusual opportunities for education and irt-pira- 
tion as well as recreation, tlie marvelous bird fijghts, etc. 
These have been amply covered before. 

The one thing that worries mo most ia the maintenance 
of a fresh-water supply into the upper reaches of the 
Shark and other rivers so that there will be no encroach¬ 
ment of salt-water. Such encroachment would destroy 
the most unique qualities of the park. This means that 
a wide urea to the north must bo kept in a virgin con¬ 
dition and that no cross canals interfere with the gen¬ 
eral drainage of water from Lake Okeechobee south. 

It seems to me to need prompt action by Congress, so 
that largo funds for the purchase of tliese lands can be 
obtained from private or state sources, and so that there 
will not be too many small areas to purchase. There is 
a tendency to bring into production land that should be 
allowed to remain in its primitive condition. 

IN HONOR OF DR. ELIHU THOMSON 

Preliminary plans have been announced for a din¬ 
ner on March 29, at which leaders in science, engi¬ 
neering and industry will honor Dr. Elihu Thomson, 
the distinguished en^neer^d inventor, upon the oc¬ 
casion of his eightieth birthday. The dinner is to be 
held at the Massachusetts Institute of Technology, of 
which Dr. Thomson was acting president from 1920 
to 1922, and of.which he is a life member of the cor- 
poratioD. 

International in its significance, the dinner will 
bring together distinguished representatives of the 
eleetrical industry, to which Dr. Thomson has made so 
many important contributions, leaders from educa- 
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tional institutions, and officers of the various scientific 
academies, professional societies and technical organi- 
aationg. 

Preliminary plans for the tribute to Dr. Tbomsoii 
provide for an afternoon conference on topics sig¬ 
nificant to tho occasion. These include the historical 
development of the applications of electricity, the re¬ 
cent experimental trends and the latest theories of 
electricity and matter. In connection with this meet- 
ing, plans are being made for an impressive exhibit of 
many of Dr. Thomson’s inventions and contributions 
in the electrical field. 

The committee in charge of arrangements consists 
of the following: 

Professor Diiguld C. Jackson, head of the departmeut 
of electrical euginoering at the institute, chairman; 
Professor Gustav C. Dahl, of the same department, 
secretary; Dr. Cliailos O. Abbot, secretary of the 
Smitiisoman Institution; Dr. James Rowland Angell, 
president, Yale University; Dr, William W. Campbell, 
director, Lick Observatory, and president, the National 
Academy of Sciences; Harry P. Charlesworth, vice-presi¬ 
dent of the Bell Telephone Laboratories, Inc., and presi¬ 
dent of tho American Institute of Electrical Engineers; 
Dr. Karl T. Ooinpton, president, the Massachusetts Insti¬ 
tute of Tetfiinology; Dr. Harvey Cushing, Moseley pro¬ 
fessor of surgery, emeritus, Harvard University; Nelson 
J. Darling, manager, river works, General Electric Com¬ 


pany; Alexander Dow, president, Detroit Edison Clom' 
pany; Dr, Paul D. Foote, director, Research Laboratory 
of the Gulf Production Pipe Line Companies; Honorable 
William C. Forbes; Professor Jeremiah D. M. Ford, Har¬ 
vard University, president, American Academy of Arts 
and Sciences; Dr. Thomas S. Gates, president, Univer¬ 
sity of Pennsylvania; Dr. George E. Hale, director, 
Mount Wilson Observatory; Nathan Haywajd, president, 
the American Dredging Company; Dr. Frank B. Jewett, 
vice-president, the American Telephone and Telegraph 
Company; Dr. Arthur E. Konnelly, of Harvard Univer- 
sity, president, the Union Radio Scieutifique Interna¬ 
tionale; John C. Lincoln, chairman, board of directors, 
the Lincoln Electric Company; Dr. Arthur D, Little, 
president, Arthur D. Little, Inc.; Dr. A. Lawrence Lowell, 
president, Harvard University; Dr. Roland S. Morris, 
president, American Philosophical Society; Dr. Calvin 
W. Rice, secretary, American Society of Mechanical En- 
ginoors; E. Wilbur Rice, Jr., honorary chairman of the 
board, General Electric Company; Andrew W. Robertson, 
chairman of the board, Westinghouse Electric and Manu¬ 
facturing Company; Albert L. Rohrer, formerly of the 
General Electric Company; Clayton 11. Sharp, vice-presi¬ 
dent and technical adviser, Electrical Testing Labora¬ 
tories, and chairman, U. S. National Committee of the 
International Electrotechnical Commission; Ambrose 
Swascy, chairman of tho board, Warner and Swasey 
Company; Gerard Swope, president, the General Electric 
Company, and Edwin S. Webster, president, Stone and 
Webster. 


SCIENTIFIC NOTES AND NEWS 


President Herbert Hoover has boon elected an 
honorary member of the Britisli Institution of Civil 
Engineers. 

British New Year’s honors included the title of 
baron, conferred on Sir Thomas Jeeves Herder, 
senior physician to St. Bartholomew’s Hospital. 

A MEETING in memory of John J. Carty, vice-presi¬ 
dent of the American Telephone and Telegraph Com¬ 
pany, who died on December 27, was held at Rollins 
College on February 9. The speakers were Dr. Fred¬ 
erick P. Keppol, president of the Carnegie Corpora¬ 
tion of New York; Thomas A. Watson, who was as¬ 
sociated with Alexander Graham Bell in the invention 
of the teleiihone, and Dr, David G. Fairchild, of the 
U. S. Department of Agidculture. Dr. Carty was a 
trustee of Rollins College. 

The Comeron Prize of the University of Edinburgh 
has been awarded to Dr. George F. Dick, professor of 
clinical medicine at Rush Medical College, Chicago, 
and Dr. Gladys H. Dick, fellow of the John McCor¬ 
mick Institute for Infectious Diseases, in recognition 
of their work on the etiology and treatment of scarlet 
fever. The award is made annually **to a person who, 


m the course of the five years immediately preceding, 
has made any highly important and valuable addition 
to practical therapeutics.^’ 

James Obr Klton, since 1921 manager of the In¬ 
ternational Smelting Company nt Salt Lake City, has 
been awarded the James Douglas Medal for 1933 of 
the American Institute of Mining and Metallurgical 
Engineers. The award, the highest in the metallurgi¬ 
cal field, was established in memory of Dr. James 
Douglas, who was largely responsible for the develop¬ 
ment of copper metallurgy in Arizona. The medal 
was conferred on Mr, EJton for his work in the treat¬ 
ment of smelter fume and in the production of elec¬ 
trolytic zinc; for the development of methods for 
preferential flotation of lead-zinc-silver ores and oxi¬ 
dized lead-silver ores; and for improvements in lead 
smelting. Presentation of the medal will be made at 
a meeting of the institute on February 22. 

The council of the British National Institute of 
Agricultural Botany has awarded the Snell Memo¬ 
rial Medal for 1932 to Dr. Kenneth M. Smith, ento¬ 
mologist of the Potato Virus Research Station of 
the University of Cambridge. The medal is given to 
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Dr. Smith in reco^ition of his valuable research work 
on the virus diseases of the potato. 

The Stephen Hales Prize of the American So¬ 
ciety of Plant Physiologists has been awarded to Dr. 
Hubert Bradford Vickery^ of the Connecticut Agri¬ 
cultural Experiment Station, for his work on vege¬ 
table proteins. 

The gold Paul-Ehrlich Medal has been awarded 
to Dr. Paul Uhlenhuth, professor of hygiene and 
bacteriology at the University of Freiburg, Baden. 

The Bernhard-Nocht Medal has been awarded to 
Dr. Hans Ziemann, professor of parasitology at the 
University of Berlin. 

The Swedish Medical Society has awarded the 
Giillstrand Gold Medal to Priestley Smith, emeritus 
professor of ophthalmology at the University of Bir¬ 
mingham, England, for his “ophthalmological re¬ 
searches, especially regarding glaucoma and the jicr- 
manent growth of the lens.^^ 

Dll. Louis Mautin, subdirector of the Institut 
Pasteur and director of the Hopital Pasteur, Paris, 
has been nominated Grand Officer of the Legion of 
Honor. 

Dr. Friedrich von Muller, professor of internal 
medicine at Munich, celebrated on December 30 the 
fiftieth anniversary of his doctorate. 

Professor Edward R. Schwarz, of the department 
of mechanical engineering at the Massachusetts Insti¬ 
tute of Technology, has been elected to a fellowship 
in the British Textile Institute in recognition of his 
“notable contributions in the field of textile tech¬ 
nology and research.'^ 

John Clyde Hostetter, director of research and 
development of the Corning Glass Works, New York, 
has been elected president of the American Ceramic 
Society, which opened its thirty-fifth annual conven¬ 
tion in Pittsburgh on February 13. Mr, Hostetter 
succeeds Emerson P. Poste, consulting engineer of 
Chattanooga, Tennessee. Louis J. Trostel, of the 
General Refractories Company, BaJtimore, has been 
made vice-president, replacing W. Keith McAfee, of 
the Universal Sanitary Manufacturing Company, New 
Castle, Pennsylvania. 

Captain Charles M. Oman has been appointed 
surgeon-general of the U. S. Navy, succeeding Rear 
Admiral Charles E. Riggs, whose term expired on 
January 19. 

Dr. Ralph Hartley Wetmork, assistant professor 
of botany at Harvard University, has been appointed 
director of the Botanical Laboratories. 

Dr. J. B. 8. Haldane has resigned from the Sir 
William Dunn readership in biochemistry at the Uni- 


veamity of Cambridge, to accept a chair in the Univer¬ 
sity of London. 

Dr. Nathaniel T. Kidder was elected president of 
the Massachusetts General Hospital at the annual 
meeting of the corporation on February 1. 

Museum News reports that an informal committee 
to advise on opportunities for service in building up 
Canadian museums has been formed by the Carnegie 
Corporation, following recommendation of Sir Henry 
Miers and S. F, Markham. The members of the com¬ 
mittee are Eric Brown, director of the National Art 
Gallery, Ottawa; H. 0. McCurdy, assistant director 
of the National Art Gallery; E. L. Judah, director of 
the Ethnological Museum, McGill University; J. C. 
Webster, of Shediac, New Brunswick, and Francis 
Kermode, curator of the Provincial Museum at Vic¬ 
toria. 

Dr. James Angus Doull, pre.sident of t!io Western 
Reserve University chapter of Sigma Xi, has an¬ 
nounced the election of the following new members 
from the facult>^ of the School of Medicine; Dr. Carl 
H. Lenhart, professor of surgery; Dr. Claude S. 
Beck, assistant professor of surgery; Dr. Norman C. 
Wetzel, assistant professor of pediatrics; Dr. Rafael 
Dominguez, associate m pathology, and Dr. Carrol G. 
Barber, fellow in anatomy. 

Dr, Herma Plantenoa, specialist in plant pathol¬ 
ogy at the laboratory of Professor Dr. Johanna Wes- 
terdyk, at liaurn, Holland, is at present in the United 
States as a volunteer worker at the new division of 
plant pathology of the Rockefeller Institute at Prince¬ 
ton. 

Professor N. I. Vavilov, president of the Lenin 
Academy of Agricultural Sciences and director of the 
Institute of Plant Industry, Ixuiingrad, is visiting the 
United States on his way from a trip to South Amer¬ 
ica. Professor Vavilov is especially interested in the 
economic grasses and their relation to the develop¬ 
ment of civilization. 

Dr. Ellsworth Huntington, research associate in 
geography at Yale University, lectured before the 
Franklin Institute on February 9, on “A Theory of 
Civilization and Climate.'' 

Dr. Charles R. Stockard; professor of anatomy 
and director of the Experimental Morphology Farm 
at Cornell University, began on February 14 a series 
of lectures at the New School for Social Research, 
New York City, in which he will discuss “The Modern 
Analysis of Living Structures and Behaviors." Under 
this general heading, he will g^ive fifteen weekly 
lectures. 

The twenty-fourth Kelvin lecture of the Institution 
of Electrical Engineers will be delivered by Sir Frank 
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Smith, secretary of the British Department of Scien¬ 
tific and Industrial Research, on April 27. The title 
of the lecture will be; “The Travel of Wireless 
Waves.'" 

The Henry Russel Lectureship at the Univer¬ 
sity of Michigan for 1933 has been awarded to Pro¬ 
fessor Walter B. Pillsbury, head of the department 
of psychology. The lectureship was established ten 
years ago by the late Henry Russel, who left $10,000 
for the purpose. The income from the fund is di¬ 
vided into two sums, one being devoted to the lec¬ 
tureship' and the other to the Henry Russel award. 
The latter will go to a faculty member, ranking not 
higher than assistant professor and showing promise 
of unusual talent. 

An inaugural banquet of the Smith-Reed-Russell 
Society of the School of Medicine, George Washing¬ 
ton University, was held at the University Club on 
the evening of January 13, at whi( 3 h time guest speak¬ 
ers included Dr. Theobald Smith and Dr. Frederick 
P. Russell, two of the three investigators in honor 
of whom the society is named. Other speakers in¬ 
cluded the president of the university, Dr. Cloyd Heck 
Marvin, and Colonel Albert E, Truby, who received 
the key of the society for Walter Reed to transmit to 
Colonel Walter L. Reed, surviving son. 

Nature reports that spring lectures at the Royal In¬ 
stitution are planned as follows: The session of pub¬ 
lic afternoon lectures at the Royal Institution was 
opened by Professor J. C. McLennan, who is giving 
an experimental course on the work on “Low Tem¬ 
peratures and Low Temperature Phenomena"' with 
which ho and the University of Toronto have been 
specially identified. A course on “Recent Advances 
in Genetics” is to be given by Professor J. B. S. 
Haldane, who recently .returned to England from a 
visit to the United States. Later eouraes are by Sir 
William Bragg, who will review the progress in the 
past twenty years of the science of crystal analysis by 
x-rays, and Mr. A. R. Hinks, secretary of the Royal 
Geographical Society, on “Geography in the Public 
Service.” Mr. Hinks will speak on the new one inch 
Ordnance Survey map, and the delimitation of na¬ 
tional boundaries. Lord Rutherford will give a Sat¬ 
urday course on the “Detection and Production of 
Swift Particles.” The course will be experimental, 
and as a part of his subject Lord Rutherford will de¬ 
scribe the recent progress at the Cavendish Labora¬ 
tory by Chadwick, Cockcroft and Walton and others. 
Sir James Jeans will give a course on “Modem As¬ 
tronomy.” The new Fullerian professor of physiol¬ 
ogy at the Royal Institution, Professor G. Elliot 
Smith, will give a course on the ^'Evolution of the 
Mind.” 

The Federal Club, an organization of officials of 


the Federal Government and the government of the 
District of Columbia, having as its purpose the ad¬ 
vancement of standards of administration and of per¬ 
sonnel and the promotion of cooperation and efficiency 
in the business of government, appointed Dr. W. W. 
Stockberger, director of personnel and business ad¬ 
ministration of the U. S. Department of Agriculture, 
as member and chairman of its membership committee 
at a meeting held at the Cosmos Club in Washington 
on January 18. Other members appointed to this 
committee are E. C. Crittenden, chief of the electrical 
division of the Bureau of Standards, and E. C. Bab¬ 
cock, secretary of the United States Civil Service 
Commission. Albert K. Brown, Bureau of Fisheries, 
was elected a director, to succeed Commander H. A. 
Scran, Coast and Geodetic Survey, who has been de¬ 
tailed to duty at sea, Edgar B. Calvert, chief of the 
forecast division of the Weather Bureau, is now pres¬ 
ident of the club. 

Nature states that the work, extending over the past 
two years, of various preliminary committees was 
brought to a conclusion on January 3 when the In¬ 
stitute of British Geographers held its first meeting 
and elected a council and officers. The initial mem¬ 
bership is open to all present members of the staffs 
of university departments of geography in Britain; 
in the future, membership will be by election. With 
one possible exception, all universities, as well as a 
largo number of colleges of university rank, in Great 
Britain have now departments of geography and there 
is thus an obvious need for coordinating the teaching 
and research work of their staffs and for permitting 
an exchange of views on matters of particular interest 
in the furtherance of the subject in the universities. 
The council and officers elected are: President, Pro¬ 
fessor C. B. Fawcett, University College, London; 
Honorary Secretary and Treasurer, Mr. A. A. Miller, 
Reading; Honorary Assistant Secretary, Dr. H. A, 
Matthews, Birkbeck College, London; Council, J. 1^. 
L. Baker, Oxford; Dr. R. 0. Buchanan, University 
College, London; Professor H. J. Fleure, Manchester; 
Professor U. Rodwell Jones, London School of Eco¬ 
nomics; Professor P. M. Rozby, Liverpool, and Dr. 
S. W. Wooldridge, King's College, London. 

The London Times reports that a new scientific 
expedition to the Antarctic has been undertaken by 
Captain Riiser Larsen, who left London recently 
with several friends for the shores of Endcrby 
Land. According to present arrangements, the ex¬ 
ploring party will consist of Captain Larsen and two 
other men, who will join him and his friends in South,. 
Africa. From there they will board a tanker belong . 
ing to Consul Lars Christensen, and will make ^ 
U-days trip to Endexby Land, which th«^ expect ; 
reach same time in F^mary. There 
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plorers will land with their supplies and 100 dogs, 
and for a year will make a close study of the coast 
of the Weddell Sea, Captain Larsen accompanied 
Amundsen’s 1925 Arctic Expedition. 

Early in January, according to Museum News, the 
Rochester, New York, Museum of Arts and Sciences 
was voted an additional $9,000 appropriation by the 
city council and will remain open. For a time the 
Onanoial crisis in the city, which was receiving only 
a limited income from taxable property and had 50,- 
000 welfare cases to care for, threatened to close the 
museum and Director Arthur C. Parker had tendered 
his resignation. With the added appropriation the 
museum is to continue its work; and at the request 
of the city museum board Mr. Parker has agreed to 
remain in charge. 

The committee of the American Psychological As¬ 
sociation on Precautions in Animal Experimentation, 
consisting of Drs. C. P. Stone, E. G. Wever and C. J. 
Warden, chairman, desires to call attention to the fol¬ 
lowing bills which have been introduced since Janu¬ 
ary first to limit experimental work on animals: (1) 
New York Assembly, A. 63, proposing to prohibit 
any experimental work upon a living dog; (2) New 
York Assembly, A. 181, proposing to make it a mis¬ 
demeanor to experiment or operate on a live dog for 
any purpose other than to heal or cure the animal; 
(3) Massachusetts Senate, S. 113, proposing to penal¬ 
ize certain experiments and operations on live dogs, 
and (4) Maine House, H. 217, proposing a fine for 
the practice of vivisection in schools supported 
wholly or in part by the state. Dr. Warden writes: 
“It is hoped that members of the American Psycho¬ 
logical Association, residing in these states, will write 
letters of protest against the passage of these mea¬ 
sures to the appropriate legislators. Bills of this 


kind are backed by powerful organizations whose ef¬ 
forts to obstruct scientific research must be met by 
active and determined resistance.” 

The printed Proceedings of the Land Use Sym¬ 
posium, held at tho summer meeting of the American 
Association for the Advancement of Science at Syra¬ 
cuse University, have just been issued. They contain 
all the papers presented at the meeting, which was 
well attended by economists, business men, research 
workers, foresters, agronomists, geographers and rep¬ 
resentatives of other earth sciences. Among the sub¬ 
jects treated in the Proceedings arc tho activities of 
the National Land Use Committee, Land Use and 
Agriculture, l^nd Use and Forestry, Land Use and 
Erosion, Land Use and Transportation, The Relation 
of Taxation to Jjand Utilization and Planned l^and 
Use. Tho speakers included Dr. L. C. Gray, secre¬ 
tary of the National Land Use Planning Committee, 
Washington, D. C.; Dr. G, F. Warren, head of the 
Department of Agricultural Economies and Farm 
Management, Cornell University; Dr. F. P. Weaver, 
head of the Department of Agricultural Economics, 
Pennsylvania State College; Dr. Joseph S. Illick, head 
of the Department of Forest Management, New York 
State College of Forestry, Syracuse University; Mark 
Graves, director of the budget of the State of New 
York; Dr. Jacob G. Lipman, dean and director of 
the New Jersey Agricultural Experiment Station; Dr. 
Henry G. Knight, chief of Bureau of Chemistry and 
Soils, U. S. Department of Agriculture; Dr. Charles 
L. Raper, dean of the College of Business Administra¬ 
tion, Syracuse University; L. R. Schoenmarm, in 
charge of the Michigan Land Economic Survey. The 
Proceedings are arranged in a 60-page bulletin of 
standard book size, which can be procured from the 
Department of Forest Management, New York State 
College of Forestry, Syracuse, N. Y. 


DISCUSSION 


A NEW MATHEMATICAL FORMULA FOR 
CHEMICAL ANALYSIS IN A TWO 
PHASE SYSTEM! 

Owing to the depression, the biochemist may be 
faced with a reduction in floor-space and budget, and, 
hence, one piece of apparatus may have to serve for 
a number of analytical procedures. I have shown^ 
that the Bausch and Lomb micro-colorimeter may be 
used for the analysis of over 60 substances. 

In many analytical procedures, the titration of a 
aubstanee in water solution in the presence of large 


! From the University of Minnesota and Tohoku Im- 
pwild University. 

\ . ,*Me01«i?idoiiL "A System of MicrochemLcal Analysis, 
jpf Aperimental Chemist^.’* (Ist ed., Japa- 

, 1082 . 


quantities of impurities leads to error which is greater 
the greater the ratio of the impurities to the “un¬ 
known.” 

In colorimetric analysis, colored impurities may 
often be ruled out by the use of monochromatic light 
that transforms the colorinieter into a spectrophotom¬ 
eter. Luminous, rarefied-vapor-tubes giving bright 
lii'c spectra may be easily obtained, and color-filters 
used to filter out all bright lines except tho one desired. 

Impurities may not have worried chemists who were 
analyzing large samples of the unknown substance. 
But as the methods are adapted to smaller and smaller 
qmmtities of the “unknown” wifthout a proportional 
reduction in the impurities, Bide-reactions which were 
insignificant in the older work become significant to 
the micro-ehemiat« 
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A method that has long been used for getting rid 
. of impurities is the extraction of the ^^unknown” from 
water-solution with CCl^ or other non-miscible solvent. 
(Chloroform and CS-j spontaneously decompose in 
storage and CS^ is highly volatile and inflammable.) 
In case the partition-coefficient CCl^/HgO is 200 or 
higher, some chemists have assumed that all the ^^un- 
known” is extracted with one extraction. 

If the substance is colored, it may be determined 
directly in the colorimeter, and this is easier than 
getting it back into water to determine it by titration; 
and is just as accurate, if 10 readings of the color¬ 
imeter are made (finding the average being simply 
addition and moving of the decimal point). If the 
unknown solution is set at unit depth the colorimeter 
readings of the standard give the concentration of the 
unknown directly, without any calculation whatever 
(assuming the standard is in unit concentration). 

In case the partition-coefficient, CCl^/H^O, is small 
enough to make repeated extractions necessary, the 
work becomes very laborious, owing to the fact that 
an infinite number of extractions are necessary to 
remove all the ^‘unknown” from water-solution. If 
the partition-coefficient is known, the total “unknown^' 
may be calculated from one extraction (knowing the 
ratio of volumes of the water-solution to the CCl^). 
But the presence of impurities may alter the partition- 
coefficient to an unknown extent. 

I have worked out a formula for calculating the 
total “unknown” from 2 extractions. It is not neces¬ 
sary to know the ratio of volumes of the water-solu¬ 
tion to the CCl^, but the ratio must be the same in 
the 2 extractions. The extraction is made in a sepa¬ 
ratory funnel and all the CCl^-extract and none of the 
water-solution is removed. The funnel is stoppered 
and inverted and the water-solution in the hole in the 
stop-cock allowed to run back into it before admitting 
CCl^ for the second extraction. If 

X total, 

X, iHt extract and 

X, - 2ud extract 

the formula is: 

X2 

X - X, or X = X, + . *2 

J. F. McClendon 

GROWTH RETARDATION BY THE PAR¬ 
TIALLY OXIDIZED SULFHYDRYL 
OF CYSTEINE 

In the spring of 1930, I presented before the 
American Philosophical Society the experimental data 
leading to the postulate that growth by increase in cell 
number is regulated by a naturally occurring chemical 
equilibrium comprised of sulfhydryl as the accelerat¬ 


ing portion and its partially oxidized derivatives os 
the retarding. The full report was published in Pro- 
toplasma, Vol. 11, pp. 383-411, in the same years. 

At that time I recognized that complete validation 
of the postulate depended upon the demonstration of 
cell proliferation inhibiting properties by a partially 
oxidized derivative of the sulfhydryl group carried by 
a naturally occurring sulfur compound. 

Since I had found that cysteine, cystin and gluta¬ 
thione (a cysteine-containing compound) all acceler¬ 
ated cell multiplication, and since these compounds 
occur naturally in living growing things, the o>bvious 
thing to do was to use a partially oxidized sulfur 
derivative of one of these compounds. 

Such a derivative was not available nor had it ever 
been prepared, to my knowledge. I therefore gave 
this chemical problem over to Dr. Gerrit Toennies, 
chief of the chemical division of our institute. After 
three years of concentrated effort he has succeeded in 
producing and isolating a sub-oxidized sulfur deriva¬ 
tive of cysteine, starling with cystin. This is a 
notable achievement. He himself will make the re¬ 
port of his method and the chemical properties of 
the product elsewhere. Suffice it to say here that his 
tests show the compound to be neither an SH com¬ 
bination nor cysteic acid, the completely oxidized 
sulfur derivative, but some intermediate stage. 

For practical purposes, I had postulated in the 
paper referred to above that the compound must be 
water soluble, essentially neutral and fairly stable in 
aqueous solution for a reasonable period. Dr. Toen¬ 
nies has produced a compound which meets these re¬ 
quirements. 

With the material which he has supplied me I have 
tested out its action on the growth of Hydra hydranths 
and the embryonic development of Crepidula eggs 
and larvae. Uniformly have I found that definite and 
marked retardation is produced by this partially 
oxidized sulfur derivative of cysteine, a naturally 
occurring sulfur-containing compound. The retarda¬ 
tion is produced by a concentration of about one part 
per million sulfur in the sub-oxidized state. This 
concentration is of the same order of magnitude as 
that used for sulfoxide in previous experiments and 
which was found similarly retardative. 

This finding, therefore, demonstrates for the first 
time the growth-inhibiting effects of partially oxidize^ 
sulfhydryl from naturally occurring compounds and 
thus puts on unequivocal foundation the postulate 
that growth by increase in cell number is regulated 
by the naturally occurring chemical equilibrium com¬ 
prised of sulfhydryl and its partially oxidized deriva¬ 
tives. 

Dr. Toennies’ brilliant success puts in our bands a 
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compound of inestimable practical and theoretical 
value, the outcome from which no one can predict. 

Frkdkrick S. Hamuett, 
Scientific Director 

Maeinb Exi^ejumental Station or 
THE Eeseaech Institute or the 
Lankenau Hospital, 

North Truro, Massaohusetts 

EOCENE LAQOMORPHA 

Among the discoveries made by the Carnegie 
Museum field party during the field season of 1932 
which are of interest to the paleontologist was tliat 
of remains of Lagomorpha in the Upper Eocene of 
the Uinta Basin in northeastern Utah. This material 
will add considerably to our knowledge of the 
phylogeny of this group and will probably have con¬ 
siderable bearing upon Eocene and Oligocene stratig¬ 
raphy as well. 

Actually, the first discovery of Lagomorph fo-ssils 
in the Uinta Eocene was made in 1923, when a Car¬ 
negie Museum field party, consisting of 0. A. Peterson 
and J. LeRoy Kay, found a fragmentary lower jaw 
in Horizon C at Little Pleasant Valley, about six 
miles east and south of Myton, Uinta County, Utah. 
The poor condition of the specimen made it unde¬ 
sirable for a type, and its description was deferred, 
pending the discovery of better preserved diagnostic 
material During the field season of 1931 members of 
our party obtained a single inferior cheek tooth of a 
Lagomorph from a horizon in the Duchesne Ohgoceiie 
scries very near the base of the latter beds, about two 
miles east of Bandlett, Uinta County, Utah. In 1932 
the Little Pleasant Valley locality near Myton was 
revisited and a number of excellent specimens, repre¬ 
senting at least three species of Leporidae, were found 
in Horizon C of the Uinta Eocene series, approxi¬ 
mately three hundred feet below the base of the 
Duchesne Oligocene. 

This material is being studied by the writer at the 
present time and will be described shortly in the 
Annals of the Carnegie Museum. 

J. J. Burke 

Carnegie Museum 

BLUE EYES FOR BROWN 

Few nowadays underrate the value of the press in 
the spread of knowledge. Cheering to certain minds 
will be in that connection extracts from a corre¬ 
spondence which began when Collier^s Magazine for 
July 16, 1932, published in Freling Fosters column 
“Keeping Up With the World” the statement that: 

After a prolonged absence of sunlight, men on polar 
expeditions find that their eyes, irrespective of previous 
color, have turned blue.— By C, O. Matson, Los Angeles, 
CaUfomia. 


Collier^s pays $6.00 for contributions such as Mr. 
Matson’s. Under date of July 13 I accordingly tried 
to sell them the idea that: 

After a prolonged absence of sunlight, men on polar 
expeditions find that their eyes, irrespective of previous 
color, are still of the same color. 

There came in reply a form letter, saying that my 
contribution was under consideration. Then, under 
date of September 7, Freling Foster wrote, declining 
(by inference) to purchase from me and defending 
Mr. Matron: 

This contribution was not only accompanied by eou- 
ilrmatory data but it checks with our reference books 
which describe how^ the human body is affected by the 
long polar night. 

One book that I can recall offhand is Sunlight and 
Health, by Dr. C. P. Salcoby, which was published a 
short time ago by Putnam. 

1 checked up the reference and found that on pp. 
59-60 of “Sunlight and Health” (N. Y., 1924) Dr. 
Saleeby says: 

Polar explorers record that, after prolonged absence of 
sunlight, all the eyes of their men are blue. 

Dr. Saleeby did not mention the names of these 
explorers, and so I wrote him, quoting his own state¬ 
ment and asking further details. On November 24, 
he replied: 

I wish I could help you, but I know no other reference 
to the subject Ilian the one which I refer to in my book— 
taken from the journal of Captain Scott, if I remember 
aright after all these years. 

Hero was a clue and I followed it up by writing 
lo Frank Debenhum, geologist of Scott’s second expe¬ 
dition, now professor of geograi)hy in the University 
of Cambridge and director of the Scott Polar Ko- 
search Institute. I gave a summary of the corre¬ 
spondence, adding: 

In the book itself I noticed no sign that Dr. Saleeby 
had relied ... on the journals of Captain Scott. I am 
trying to mako a rather thorough job of tracing down 
the belief or fact that eyes change color during the ab¬ 
sence of the sun, and surely you at the Institute must 
have the best command of all the Scott material. 1 hope, 
then, that the Institute will be able to give mo, first, 
proof or disproof that comes-^rom the records of any 
member of the Scott expeditions and, second, any other 
evidence for or against that may be within your reach. 

On December 18, Professor Debenharn replied: 

Following up your query about the change of colour 
of eyes during the polar darkness, a phenomenon which 
I find- it hard to believe, I wrote to our Dr. Leviek, . . . 
I have certainly noticed no such effect. 

Burgeon-Commander G. M. Leviek, medical ofBoer 
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ftnd zoologist on Scott’s 191Q-1913 expedition, re¬ 
plied, December 15, to the institute: 

With regard to my own eyes, 1 am rather a good ex¬ 
ample as during our last winter I spent six months with 


the rest of the northern party. ... I noticed that my 
eyes had not changed in colour after this. I think that 
is the general experience. 

VUiHJALMUB StEFAKSSOH 

New Yqek, N. Y. 


REPORTS 


THE BANTING RESEARCH FOUNDATION 

At its recent annual meeting, the trustees of the 
Banting Research Foundation reviewed the work ac¬ 
complished under its grants during the previous year. 

The following changes have taken place in the trus¬ 
tees. Sir Robert Falconer has resigned, and in con¬ 
sequence Mr. C. S. Macdonald, president of the 
Confederation Life Association, was appointed chair¬ 
man of the board; and Dr. H. J. Cody, president of 
the University of Toronto, was appointed vice-chair¬ 
man. Sir William Mulock and Dr. Cody were joined 
as members of the board, representing the Board of 
Governors of the University of Toronto, by Dr. H. B. 
Anderson. 

The following workers have received grants from 
the foundation during the past year: Miss A. M. 
Alley, McGill University, who has been working under 
Professor Babkin on gastric and salivary secretion; 
Dr. Maurice Brodie, McGill University, on poliomyeli¬ 
tis; Dr, H. H. Burnham, University of Toronto, on 
the vascular supply to the nasal mucosa; Dr, M. M. 
Cantor, University of Alberta, on the active principle 
of the adrenal cortex; Dr. H. A. Cates, University of 
Toronto, representing a committee studying the rela¬ 
tion between parentage and the difSculties of child¬ 
birth; Dr. A. M. Davidson, University of Manitoba, 
on the diagnosis of skin diseases and their treatment; 
Mias Ruth Dow, McGill University, on the auditory 
area of the brain; Mr.t}, T. Evans, McGill University, 
on the eftect of lack of oxygen in exercise, high alti¬ 
tudes and anesthesia on the ohemioal changes in the 
heart muscle leading to failure; Dr, R. H. Fraser, 
University of Manitoba, on the diagnosis of tubercu¬ 
losis; Dr. J. W. Gilchrist, University of Western 
Ontario, on the infections following childbirth; Dr. 

E. Gottlieb, McGill University, on the use of thorium 
dioxide in the diagnosis of abnormal conditions in the 
liver; Mr. H. C. Graham, Dalhousie University, on 
the excretion of uric acid; Miss E. R. Grant, McGill 


University, on the effect of starvation and exercise on 
the chemistry of muscle; Mr. J. M. Herahey, Univer¬ 
sity of Toronto, working with Prof. C. H. Best, on 
the treatment of fatty degeneration of the liver; Mr. 

F. L. Horsfall, Jr., McGill University, on the fate of 
lactic acid in the body; Dr. E. E. Shouldice, Univer¬ 
sity of Toronto, on the effect of operations on the 
intestinal canal; Mr. L. R. LeFave, Queen’s Univer¬ 
sity, on the diagnosis of typhoid fever; Professor D. 
Mainland, University of Manitoba and Dalhousie 
University, study of the human ovary; Mr. P. G. 
Mar, University of Manitoba, a study of a rare type 
of skin disease; Dr. D, R. Mitchell, University of 
Toronto, on the treatment of urinary infections; Dr. 

R. A. Moreash, Dalhousie University, on the damage 
to the liver which is supposed to be produced during 
the treatment of syphilis; Dr. J. M. McEachren, Uni¬ 
versity of Manitoba, on cholesterol metabolism; Mr. 

S. Weinstein, University of Saskatchewan, on the 
oxidation of adrenalin; Dr. A. C. Abbott, University 
of Manitoba, on the thyroid gland; Professor H. D. 
Kay, University of Toronto, on experimental ricketts; 
Professor R. F. Shaner, University of Alberta, on the 
development of the tracts in the brain of the mam¬ 
malian embryo; Mr. P. R. Macdonald, McGill Uhi- 
versity, on the innervation of the laerymal gland. In 
addition, a detailed report was received from Dr. F. 

G. Banting on the work carried out in his department 

with the aid of funds received from the Banting 
Research Foundation, which resulted in the publica¬ 
tion of eight communications dealing with the patho¬ 
logical changes due to the administration of excessive 
amount of vitamin D on the intestinal canal duripg 
acute intestinal intoxication, and with various methods 
in analyses required for the work that is being carried 
on in the department. % 

V. E. Henderson 

D. T. FjEUSER 
Honorary 8ecretarie$ 


SOCIETIES AND MEETINGS 


THE TENNESSEE ACADEMY OF SCIENCE 

The Tennessee Academy of Science held its fall 
annual meeting on November 25 and 26 at Vanderbilt 
University. In the absence of the president, Dr, A. 
Richard Bliss, Jr., of Memphis, Dr. Louis J. Bircher, 


vice-president, presided. Siity-eeven members re^ 
tered and the average attendance of the puhlie was ; 
tmusnally lafge. 

Two morning and two afternoon sessions vtm 
taken up in the ren^ng and diseussbn e£ ^ 
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f»a|^ 4be program, whieb by reaeon of the fact 
that the academy has not organized sections, were all 
given in the same room and were related to various 
branches of science—astronomy, physics, chemistry, 
botany, economics, physiology, genetics, pharmacology 
and pathology. Seventeen of the papers were by 
members of the academy teaching or pursuing scien¬ 
tific courses in universities or colleges. The institu¬ 
tions represented were the University of Tennessee, 
Vanderbilt University, George Peabody College, The 
Southwestern, Memphis, State Teachers College, Mur¬ 
freesboro, Tennessee Polytechnic, Cookeville, Carson 
and Newman College, Jelferson City, Tennessee. Some 
of the other members contributing papers were R. M. 
Williamson, director of the U. S. Weather Service, 
Nashville^ New Element in Meteorological Obser¬ 
vation*'; Dr. William Litterer, Tennessee state bac¬ 
teriologist, “Six Cases of Rooky Mountain Spotted 
Eever in Tennessee"; Latimer Wilson, of Franklin, 
Kentucky, “Features of Galactic Structure”; Dr. 
Lucius P. Brown, formerly food commissioner of New 
York City, now a farmer of Spring Hill, Tennessee, 
“Problems of Taxation in Tennessee from the Stand¬ 
point of Economics"; John H. DeWitt, Jr., chief 
engineer of the Radio Station WSM, Nashville, “Ver¬ 
tical Radiators for Broadcasting Stations." Mr. 
DeWitt in discussing his subject described the steel 
tower recently erected near Franklin, Tenne^ee. This 
is the tallest radiator in the United States, and though 
878 feet in height and having a diameter of 38 feet 
370 feet above ground, rests on an insulated porcelain 
plate only about two feet in diameter. 

At the Academy dinner, on Friday evening, Pro¬ 
fessor Bircher, presiding, read a report by President 
Bliss on “The Reelfoot Lake Biological Station," and 
Dr. W, G. Harrison, of Birmingham, Alabama, deliv¬ 
ered an address on “The History of Medicine." Dr. 
Harrison discussed especially the contributions of 
physicians to science in early times and the contribu¬ 
tion of scientists to medicine in modem times. 

The following officers were elected for 1933: Francis 
G. Slack, associate professor of physics at Vanderbilt 
University, president; Charles W, Davis, professor of 
biology at Union University, Jackson^ Tennessee, vice- 
president; John T. McGill, professor emeritus of 
organic chemistiy, Vanderbilt University, secretary- 
treasurer; Jesse M. Shaver, professor of biology, 
George Peabody College, editor; Miss Eleanor Eggles¬ 
ton, assistant-librarian, Vanderbilt University, l$bra~ 
rian. 

The meeting of the academy in the spring of 1933 
will be held at Walnut Log Lodge, Reelfoot Lake, 

JOHK T. MoGiii 

iV , Seoretarp-Treasurer 


THE NORTi 

ASSOC. 

The ninth annual meeting l 
tific Assocition was held at the 
Spokane, Washington, on December . 

The attendance at the meeting was only . 
than that of the previous year, which markev. 
point in attendance. In view of the prevailing 
cial conditions this year's large attendance was high 
satisfactory. At the meeting this year, moreover, the 
out-of-town attendance was noticeably larger. 

The presiding officer was Ivan C. Crawford, of the 
Uiiiversity of Idaho, the president of the organization. 
At the opening general session on December 28. an 
address was delivered by Dr. R. R. Parker, of the 
U, S. Public Health Service, Hamilton, Montana, on 
the subject “Tick Borne Diseases of the Rocky Moun¬ 
tain Region," and one by Dr. W. F. Thompson, of the 
University of Washington, Seattle, Washington, on 
the subject “A Deep Sea Fishery." 

In addition to the general sessions, section meetings 
were held by the following sections: Botany-Zoology, 
Cliomistry-Physics, Education-Psychology, Engineer¬ 
ing, Forestry, Geology-Geography, Medicine-Surgery, 
and Social Science. The program of the Forestry 
section consisted of a symposium on “Forest Research 
Needs of the Inland Empire," papers on the progress 
and needs of research being given on each of the seven 
phases included, namely, silviculture, fire protection, 
tree diseases, insects, range management, utilization 
and economics. 

At the business meeting on December 29 important 
amendments to the constitution were adopted relating 
to the enlargement of the number of trustees and out¬ 
lining their duties. This makes possible a machinery 
for soliciting and caring for bequests, donations, etc., 
for the prosecution of research in the region. The 
association also accepted the invitation of the Pacific 
Division of the American Association for the Ad¬ 
vancement of Science to affiliate with that organiza¬ 
tion. 

The oflOcers for 1933 are as follows : 

President: Howard E. Flint, U. S. Forest Service, Mis¬ 
soula, Montana. 

Vice-president: Thomas Large, Spokane, Washington. 

'Seoretarp-Treasurer: Otis W. Freeman, State Normal 
S^ishobl, Cheney, Washington. 

Councilors: Ivon C. Crawford, University of Idaho, 
Mjoscow, Idaho; E..E. Hubert, University of Idaho, Mos¬ 
cow, Idaho; Charles H. Clapp, State University, Mis¬ 
soula, Montana; J. W. Hungate, State Normal School, 
Ohen^, Washington; E. F. Gaines, State College of 
Washington, Pullman, Washington. 

Executive Committee of Trustees: F. G. Miller, Uni- 
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aho; B. E. Lambert, 
Cleveland, State OiUege of 
^hington. 

j. K. Armstrong, Spokane, Waah- 
*flson, State College, Bozeman, Mon- 
^ Ende, University of Idaho, Moscow, 
vVcidman, U. 8. Forest Service, Missoula, 
Francis A, Thomson, School of Mines, Butte, 
a; E. O. Holland, State College, Pullman, Wash- 
on. 

E. E. Hubert, editor of Northwest Science, the offi¬ 
cial publication of the association, was reappointed 
for the year lf)33. Alfred L. Anderson, of the Uni¬ 
versity of Idaho, will continue to serve as assistant 
editor. 

The following were elected as chairmen of the 
various sections: 


Botany-Zoology, A. L. Hafenrichter, State CtoU^ge^ 
Pullman, Washington. 

Chemistry-Physies-Mathematics, R. W. Gelbach, State 
College, Pullman, Washington. 

Education, F. T. Hardwick, Whitworth College, 
Spokane, Washington. 

Engineering, G. E. Thornton, State College, Pullman, 
Washington. 

Forestry, F. 0. Miller, University of Idaho, Moscow, 
Idaho. 

Geology-Geography, E. T. Hodge, University of Oregon, 
Corvallis, Oregon. 

Mcdicine-Surgery, R. E. T. Stier, Spokane, Washing¬ 
ton. 

Social Science, Claudius O Johnson, State College, 
Pullman, Washington. 

J. W, Hungatb 
Retiring Secretary-Treasurer 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A SIMPLIFIED METHOD OF STAINING 
ENDOSPORES 

In our search for simple and efficient stains for 
routine bacteriological work, the Wirtz' method of 
spore staining proved far superior to others. Han¬ 
sen’s® and Mbller’s* techniques make use of steaming 
carbol fuchsin and an acid decolorizer. DonierV 
method, as recommended by the Committee on Bac¬ 
teriological Technic of the Society of American Bac¬ 
teriologists, involves the use of nigrosin. Muzzarelli’s" 
and Abbott’s® methods are each good, but even these 
resort to an acid decolorizer. Wirlz’s method proved 
less complicated than these, Wirtz fixed air-dried 
smears in osmic acid, stained with malachite 
and used dilute carbol fuchsin as both decolorizer and 
counterstain. Spores were stained green, cells red. 
There was no blending^of colors such as is often eaa- 
countered with red and blue dyes. 

We have eliminated fixing in osmic acid, shortened 
the time of staining and substituted aqueous safranin 
for the dilute carbol fuchsin. The malachite green is 
made up as a 5 per cent, aqueous solution, allowed 
to stand one half hour and filtered. This solution 
seems to be stable. The technique then is: Make filcps 

1R. Wirtz, Zentralhlati fur Bahiertologie, I Abt., 
Orig., 46; 727, 1908. 

a HanBcn, cited by Buchanan, “Bacteriology,’^ 8d 
p. 153, 1930. 

• Mdiler, cited by Stitt, “Practical BacteriologV, 
Blood Work, and Animal Parasitology,” 8th ed., p. 6«, 
1927. t 

*W. C. Domer, cited by Committee on Bacteriologiccal 
Technic, “Manual of Methods,” Leafiet IV, p. 11, 193p, 

6 G. Muzzarelli, ZentrMlatt fur Bdkieriologie, I Ab t., 
Ref., 104: 484, 1932. 

eAbbott, cited by Stitt, “Practical Bacteriology, 
Blood Work, and Animal Parasitology,” 8th ed., p. €4, 
1927. 


in the usual manner and fix by flaming three times. 
Flood with malachite gpreen solution and heat to steam¬ 
ing three or four times within one half minute. Wash 
off the excess stain under the tap for about one half 
minute. Apply a 0.5 per cent, aqueous safranin solu¬ 
tion one half minute. Wash, blot dry and examine. 
This procedure is evidently more simple than the 
original method. The whole staining time involved is 
less than two minutes, and a minimum of steaming is 
required. Within wide limits it is impossible to over¬ 
stain or to wash too long. 

Application of this method to thirty strains of 
sporeformers at different ages showed that agar slant 
cultures incubated at 37° C. for 24 to 36 hours always 
contain vegetative cells, sporangia and free spores. 
Thus a complete morphological description can be ob¬ 
tained at this time. Films from week-old cultures, 
recommended by the Committee on Bacteriological 
Technique,’ tend to show excess of free spores and few 
vegetative cells or sporangia. The search for these 
structures in such films is time-eonsuraing. 

The part of a slant culture from which growth is 
taken affects the results of the spore stain. Films 
made from the butt end of a slant show more vege¬ 
tative cells and fewer sporulated cells than films from 
the dried upper end of the slant. 

The simplicity of the technique and the beautiful 
differentiation obtained with it should make this 
method useful for the identification of sporeforming 
bacteria. 

Alice B. Schastfbs 
Mao Donald Fultok 

DEPAaTUXNT or Bioloot 
Middlxbuht Oollboe 

7 Committee on Bacteriological Technic, “Hsaual of 
Methods,” Leaflet V, p. 6, 1930. 
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A DEMONSTRATION JAR FOR WHITE MICE 

A Jd:oi78£ in a closed vessel of known capacity is 
a favored way of showing roughly some of the effects 
of inhalation anesthetics. Motor excitement and de¬ 
pression may be noted, but not well, for in the limited 
space the mouse has nowhere to run. For this rea¬ 
son we have mounted a simple tread-mill in a 6 liter 
desiccator, so arranged that the number of revolu¬ 
tions is recorded on a slow kymograph. The appa¬ 
ratus is easily constructed without expense and per¬ 
mits a number of interesting experiments and 
demonstrations. 

The wheel is a circle of screen wire just smaller 
than the inner diameter of the desiccator, thumb- 
tacked to two light pieces of wood at right angles to 
eacii other. Its bearing is a piece of glass tubing 
about 2 cm long puslied through a tight hole where 
the sticks cross. The ends of the tubing are fused 
down until they fit freely, but without unnecessary 
play, a small finishing nail. With a washer below 
this makes a very freely turning wheel, and when 
mounted on a block at about 30° to the horizontal the 
mouse has no trouble and apparently a good deal of 
pleasure in running it. 

The recording device is very simple. A piece of 
glass tubing about 18 cm long is put through a hole 
in a rubber stopper in the top of the desiccator. Tlie 
ends of this tube are fused down to fit loosely a piece 
of iron wire. A short piece of rubber tubing is fitted 
over the lower end of the glass tube and tied securely 
around the wire. This makes a gas-tight joint, and 
also serves as a spring to resist rotation of the wire. 
Each end of the wire is bent at right angles. The 
lower bend is hit by a pin on the revolving wheel, 

SPECIAL 

VARIABILITY AND INDIVIDUALITY 

In 1920 the writer^ published data which demon¬ 
strated that young animals of an inbred strain of 
mice showed a significantly higher percentage of 
growth of an inoculated tumor than did sexually 
mature individuals of the same strain. Strong® con¬ 
firmed these results with different material and showed 
in addition that senile animals resembled very young 
animals in that they exliibited an increased tolerance 
of tumor implants as compared with that of young 
adults. These data were interpreted as indicating 
that the full expression of the genetic constitution of 
the individual was being assumed gradually during 
the period of infancy and adolescence, reached its 
most characteristic manifestation at the young adult 

i/awr. R«per. Zool, 31: 307-323, 1920. 

a Jowr. JSxper. Zooh, 86; 67-134, 1922. 


the upper end is connected by a thread to a domped- 
down muscle lever. Thus every revolution of the 



tlie kymograph, which of course also carries ft suit¬ 
able time tracing. Two other glass tubes througu the 
rubber stopper allow gas or volatile liquids to be run 
in. An electrical contact is avoided in the recording 
mechanism because of the explosibility of several of 
the aneCtlietic mixtures. 

C. Reynolds 

DzPARrMENT or Pharmacology 
MAB giiETTE University 

ARTICLES 

stage and became less integrated and more decentral¬ 
ized during senility. 

Warthin,® Child* and others have considered senility 
as a period of involution^ and have looked upon indi¬ 
viduality as a process directly measurable by the de¬ 
gree of manifestation of certain functions. 

From evidence derived from a considerable mass of 
material it would appear that variability of a func¬ 
tion or characteristic is a more fundamental indication 
of the nature of individuality than is the mean value 
of any physiological or morphological characteristic 
at any given time. 

When, for example, variables of a genetic nature 
are reduced to a minimum for mammalian material 
by the use of closely inbred strains and when the 

“•“Old Age The Major Involution,“ Hoeber, N. Y., 
1929. 

• “Senescence and Rejuvenescence," Univ. of Chicago 
Press, 1915. 




ontogenetic variables are to some extent controlled 
by the use of one sex and by the choice of some 
physiological function confined to a restricted period 
of the life cycle, the experimental conditions are 
simplified to a considerable degree. 

Data derived f]*om females of an inbred strain of 
mice (dbr) under investigation by Dr. W. S. Murray 
are available to show variation in litter size at various 
ages of the mother. When the coeflScient of variation 
of litter size at successive 30-day periods of maternal 
age is calculated the following results are obtained. 


Age of mother 
in days 

No. of 
litters 

Mean litter 
size 

Coefficient of 
variation 

- 75 

517 

4.189 

42.46 

76-105 

1298 

4.985 

38.81 

106-135 

1026 

6.436 

36.94 

136-165 

978 

5.598 

36.96 

166-195 

762 

5.767 

35.43 

196-^25 

691 

6.363 

40.25 

226-255 

598 

5.065 

40.60 

256-285 

433 

5.173 

41.52 

286-315 

286 

5.108 

43.45 

316-345 

194 

4.613 

51.94 

846-375 

105 

4.314 

47.46 

376-406 

49 

4.469 

41.70 

406- 

34 

3.470 

58.66 


It will be noted that variation in litter size begins 
high, decreases, reaches a base level and then in¬ 
creases again as reproductive activity decreases and 
senility sets in. 

A very similar result with, however, a shorter con¬ 
stant base level period was obtained for another in- 
bred strain of mice (C 57). The slight difference 
between the two strains is probably a natural con¬ 
comitant of the genetic -characteristics which they each 
possess. 

Looked at from tlie point of view of variation in 
physiological response to a constant stimulus, the 
work of the writer and of Strong on inoculated 
tumors already referred to, agrees in general with 
the data on litter size. In so far as somatic tissues 
are concerned tlierc is good reason to believe that the 
age-vanability relationship above described may be 
of general applicability. 

The next question is whether a similar relative 
change in variability incidental to age applies also to 
the functioning of the germ cell. On a priori grounds 
there is no reason why the germ cell, as an organiza¬ 
tion, should not also show a durational phase in its 
various activities. 

Data presented by Bridges" bear on this point. 
Using “crossing-over^' between genra as an index and 

B Carnegie Inst, of Wash., Publ. No. 399, 1929. 


Drosophila as material he studied the relation of age 
to the absolute amount of crossing-over. He did not, 
however, analyze his data from the point of view of 
variability of the function of orossing-over in rela¬ 
tion to the age of the mother. When his data for 
single cross-overs are studied with this point in mind 
certain suggestive and interesting results are ob¬ 
tained. 

The average variability in his two main tables 
shows the following distribution according to the age 
of the mother. 


Ago period of mother 
from youngest to oldest 

Percentage of variability 
In single ' * crossing-over ’ ’ 

1 

39.52 

2 

30.17 

3 

18.83 

4 

22.82 

6 

24.00 

6 

21.96 

7 

14.63 

8 

12.56 

9 

4.87 

10 

16.27 

11 

26.53 

12 

34.82 


Again the very young and the very old females 
show the most variation. There is a secondary de¬ 
crease in the tliird period but the primary stability 
seems to be in the ninth. While the evidence is not 
conclusive it supports the idea that very young and 
very old germ cells function more variably than do 
those of the middle-age periods. 

This is an important conclusion and if substantiated 
by further data on different materials will lead us far 
towards a better understanding of various general 
evolutionary problems of prime importance. 

(1) It might well develop that tendency to muta¬ 
tion, which in itself is an indication of variability, 
would be greater in very young and in very old germ 
oells, 

(2) If this were true, domestication, in which very 
young and very old animals, protected from the com¬ 
petitive factor of natural selection, are used as pat¬ 
ents, would provide a far greater chance for mutations 
to occur than would natural conditions, 

(3) Similarly, somatic mutations would tend to be 
more frequent in very young or very old animals. 
Evidence that this is the case is to be found in the 
work of Strong,« Bittner^* ® and Cloudman,® who 
found genetic differences in spontaneous mammary 

9 Jour* Cancer Eesearchf 18: 103-115, 1926. 

Am* Jour* Cancer, 16: 2802-2247, 1931. 

9 Am* Jour* Cancer, in press. 

9 Am. Jour. Cancer, 16: 568-680, 1032. 
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aeoplavms prodnoed liy a single individual mouse* 
These various animals had very evidently reached a 
point where central physiological control of the 
variability of somatic cell variation had diminished 
to a stage where they no longer acted as individuals 
in the restricted sense. 

(4) The origin of neoplasms as the result of the 
fundamental disintegration of a centrally controlled 
'^individuality” would become more clearly established* 
Different types of neoplasms would naturally be ex¬ 
pected to follow different age distributions—as they 
do—^because the different tissues are organ systems of 
the body "age” physiologically at very different 
periods in ontogeny. As matters stand there seems 
to be sufficient evidence to conclude: 

(1) "Individuality” in mammals and probably in 
all higher animals is a relative term with a well- 
pronounced durational phase. 

(3) Within genetically comparable material, varia¬ 
bility in form and function is greater in the very 
young and in the very old than it is in the height oi’ 
reproductive efficiency. 

(3) Measurements of simple increase or decrease in 
function are not sufficient to give a complete picture 
of the nature of individuality. 

(4) Senility is not simply a "major involution” 
but rather a period at which the disintegration ol' 
individuality is the most interesting biological phe¬ 
nomenon. "Involution” as a concept suggests the 
opposite of "evolution.” It would be much more 
accurate to consider old ago as a period primarily 
of a type of physiological and morphological disin¬ 
tegration and incoordination. 

(6) All studies of genetic characters in animals 
should consider the age factor as an important 
variable likely to influence fundamentally the justi¬ 
fiable conclusions as to the type and nature of the 
character under consideration. 

(6) This applies not only to genetic characters and 
processes outside of the germ-plasm but to such 
characters find processes as mutation, crossing-over, 
and other chromosomal aberrations. It may be ex¬ 
pected that variability in relation to age will be opera¬ 
tive in ail germ cells to a more nearly comparable 
degree than it will be in the somatic characters of 
various groups of oiganisms. 

<7) There ia, however, little likelihood of general 
, mathematical values for such variation being imme¬ 
diately established since the genetic characters of 
strains and individuals would be expected to vary in 
f so far as they affect the assumption and degeneration 
of ^^individuality,” 

, (8) The'existence of the durational phase in the 

7 ; of individuality helps to bridge the gap 

hag existed between physiologic and theoretic 


genetics. It shows that geneticists must recognize 
and consider that factor before the gene-character 
relationship can become sufficiently definite to allow 
accurate evaluation of gene location, dominance and 
other genetic phenomena. 

C, C. Little 

Bobooe B. Ja-oksok Memobial 

XjABOEATOBT 

Bab Habbob, Maine 

THE MECHANISM OF tIIE IONENE 
SYNTHESIS 

In a recent report^ wo described a synthesis of 
ionene that for the first time provides convincing evi¬ 
dence of the constitution of this interesting hydro¬ 
carbon, which has so lately risen to prominence in 
connection with studies of the structure of vitamin A. 

Further work by Davidson and Apfelbaum, in 
these laboratories, has now thrown additional light 
upon the mechanism of this synthesis, in so far as 
the transition from a monocyclic tertiary alcohol (I) 
to a dicyclic hydrocarbon of ionene type (IT) is con¬ 
cerned. 

Manifestly, such a cyclization involves the elimina¬ 
tion of a molecule of water, and this may be accom¬ 
plished by the OH of the tertiary alcohol removing 
an H, either from the benzene nucleus, thus forming 
the second cycle, as shown in (A); or (B), from the 
adjacent CHg group, with production of the olefin 
(III), lyhich then isomerizes to the dicyclic hydro¬ 
carbon (II), a type of rearrangement not at all un¬ 
common in terpene chemistry: 


(A) 


HCVClI-C-CH.-Cna nC)^CH-C-CH:-CH, 

I II I i n I 



! 



] Ollj-CHs H^on-< 



(1) I H on I (II) 



HOCH-C-CIIr-CH, 

IlChCH-OH 

(HI) 



Since the next lower Homolog (I) is much more 
easily prepared than the tertiary alcohol used for the 
synthesis of ionene itself, this was used in our experi¬ 
ments, as shown in the formulas above, and gave the 
corresponding lower homolog (II) of ionene. 

That (B), rather than (A), represents what 
actually occurs in this cyclization is indicated by thd 
following experimental facts: 


iM. T. Bogert, Science, n.s., 76: 1977, 475, November 
18, 1982. 
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(1) If heated with iodine as a catalyst, the tertiary 
alcohol (1) readily yielded the olefin (III). 

(2) This olefin rearranged immediately to the 
dicyclic hydrocarbon (II) when digested with con¬ 
centrated sulfuric acid. 

(3) Treated with the proper concentration of sul¬ 
furic acid, or phosphoric acid, the alcohol (I) passed 
immediately to the olefin (III), which on longer 
treatment changed to the ionene homolog (II). 
Hence, either (HI) or (II) was obtained, depending 
upon the duration of the treatment. 

These reactions are now being extended and ap¬ 
plied in manifold directions, for the synthesis of 
numerous polycyclic hydrocarbons and of derivatives 
not readily accessible by other methods. 

Marston Taylou Bookrt 

LtABoaATO&ifis or Oboakio Chemistry 
Columbia University 

THE VITAMIN D POTENCY OF EGG YOLK 
FROM IRRADIATED HENS 

In five experiments, tests were made to detennine 
the relative antirachitic potency of egg yolk from 
irradiated hens. Four fiocks of hens were used. (1) 
An irradiated flock of 350 hens had the usual laying 
ration containing one half per cent, cod-liver oil plus 
four hours daily access to the ultra-violet rays from 
one GE Model S-1 Sunlamp; (2) a non-irradiated 
flock of like size fed the same ration. (Both of these 
fiocks averaged 62 per cent, production during the 
continuance of the experiment—five months). (3) A 
small farm flock (Exp. 1 and 2) was given a poorly 
balanced ration. These birds were producing from 
ten to twenty-five per cent. (4) Another farm flock 
of 150 birds, fed the laying ration (Exp. 4 and 5), 
completed the groups. Eggs were chosen from these 
hens after they had been in production about one 
month. They were laying about 60 per cent, daily. 

The antirachitic potency of the eggs from these 
flocks was tested on different pens of rats, having a 
rachitogenic ration, Stein bock No. 2965. Different 
amounts of the egg yolk were fed, varying with the 
experiment. In three of the tests cod-liver oil was 
also fed the rats in order to make comparisons with 
the egg yolk. 

The experiments confirmed the work of earlier in¬ 
vestigators, showing that egg yolk contains appreciable 
amounts of vitamin D. The tests give clear evidence 
that irradiation of hens with ultra-violet rays will 
markedly increase this vitamin above the quantity 
normally found in eggs. A high vitamin D content 
may thus be maintained throughout the winter 
months. 

1 Aided by a grant from the Heckacher Beaearch Foun¬ 
dation, 


In the experiments where the quantity of egg yolk 
was 5 per cent, or more, that from irradiated hens 
prevented or cured rickets in rats almost as rapidly 
as exposure to a quartz mercury arc. Ten per cent, of 
such egg yolk in the rachitogenic diet was as effective 
as one half per cent, cod-liver oil, or radiations from 
the quartz mercury arc. These animals grew faster 
than the irradiated rats because in addition to the an¬ 
tirachitic factor the egg yolk supplied other necessary 
food ingredients. 

Four per cent, egg yolk from the irradiated hens 
was more potent than one eighth per cent, of ood-liver 
oil in the rat diet. 

While the non-irradiated hens had access to autumn 
sunshine (during November, 1931, the weather re¬ 
mained unusually fair in New York) the vitamin D 
content was sufficient to cure rickets. In this high- 
producing flock, as winter advanced and the hens had 
been in production longer and longer, the vitamin D 
content diminished to a low level, much below the 
amount necessary for satisfactory prevention or cure 
of rickets. 

There seemed also to be a limited ability for hens to 
store vitamin D and to transfer it to the eggs when 
needed. 

From the tests with farm flocks it was shown that 
eggs as ordinarily purchased contain varying amounts 
of vitamin D. Under the most favorable conditions 
the quantity may be quite adequate to prevent rickets 
ill experimental animals. The season and the volume 
of production are at least two of the factors which de¬ 
termine the amounts. 

George H. Mauohan 
Edna Maughan 

Cornell Univerbitt 
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RECENT REVIVALS OF DARWINISM^ 

By Dr. HENRY FAIRFIELD OSBORN 

AMERICAN MUSEUM OF NATURAL HISTORY 


BsFCHtB as are four recent volumes, the “Huxley 
Memorial Lectures,” “The Causes of Evolution,” by 
J. B* S. Haldane, “Problems of Relative Growth,” by 
Julian S. Huxley, and “The Scientific Basis of Evolu- 
. tion,” by Thomas Hunt Morgan, which bring us up to 
date in the latest British and American thought as to 
the nature and causes of evolution. They are popn- 
lariy written and the chief impression they convey is 
their reversion to more or less pure Darwinism, espe- 
rially surprising on the part of one of the authors, 

’ T, H- Morgan, who some years ago wrote a severe 
antique of Darwin's theory of adaptation. 

We thus have presentations by a distinguished 
, ^hysiolopcal chemist, by the leader of the experi- 
^ mehtal and genetic school, by an experienced zoologist, 
Chalmers Mitchell, and by one of the leading 

; ^ ^Address before the Osborn Besearch Club in the 
l^nseum of Natural History, December IS, 


British authorities on animal life, Julian Huxley. The 
point of view shown in Julian Huxley's volume should 
be supplemented by his article in the recent edition 
of the “Encyclopaedia Britannica.” 

Preceding a critique of these volumes may we point 
out four historic explanations of the modes and 
causes of evolution. 

Empbdocles-Dakwin Hypothesis 

This bit of absolutely inductive research has a 2,600 
year speculative background because about 600 B. C., 
as described in my volume, “From the Greeks to Dar¬ 
win,^' the Greeks began to speculate not only on the 
modes or kinds of evolution but on the hypothetical 
causes of evolution. Thus Empedocles of Agrigentum, 
A Sicilian town, anticipated what may be known aa 
pure Darwinism, namely, that out of many kinds of 
accidents and variations more or less spontaneously 
occurring in aniinols, nature permits the survival only 
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of those which happen to fit in with the environmentali 
times. This original very crude idea has come dowj^ 
through the ages of human thought, being modernizecj 
step by step until it finds its present refinement anc? 
up-to-date re-definition and re-statement in the fouiC 
volumes before us. After many vicissitudes Darwin-- 
ism is now once more flourishing. 1 

Erasmus Darwin-Lamarck Hypothesis ' 
Similarly, the second great hypothesis as to thd 
modes and causes of evolution, now known as 
Lamarckism, was adumbrated in Greek time because^ 
as pointed out by Brooks in his ^*The Foundations ot 
Zoology^” the notion that bodily improvement, through 
the universally acknowledged individual adaptation 
which comes about through the skilful use of parts, 
as well as the counteraction of bodily degeneration 
through disuse of parts, has been discussed down 
through the centuries and reached its apogee in the 
mind of Erasmus Darwin, of Lamarck, its modern¬ 
ized ideas in the speculations of Herbert Spencer, 
and its mechanical climax in the writings of our ownt 
Cope, Relative to the ever-growing and verdant Dar¬ 
winism, Lamarckism is decidedly moribimd. It re¬ 
ceived its death thrust in ]880 when Weismaiin chal¬ 
lenged every kind of evidence for the inheritance, 
of acquired characters. It seems cowardly to attacki 
a dying principle, but 1 may claim in self-defense, 
that the Titanothere Monograph as well as the more- 
recent Proboscidea Memoir give Lamarckism its final 
coup de grace, 

Buffon-St. Hilaire Hypothesis 
The third great historic explanation of the nature 
and causes of evolution appears to have dawned upon 
the human mind at a relatively recent period, namely, 
that of the direct action of a favorable or unfavorable, 
or even of a new environment, on the body and in¬ 
directly on the germ os well, although it must be re¬ 
called that in all early speculations the sharp dis¬ 
tinction which Weiamann was the first to draw be¬ 
tween the body cells and the germ cells was not clear. 
Ncrvertlu‘lese, the dictum of Buffon that the mammals 
of the New World were denatures as compared with 
their relatives in the Old World, followed by the 
violent physicochemical transformation involved in 
the speculations of Geoffroy St. Hilaire, fully fore-; 
shadows the modern speculations, experiments and 
observations not only on the final inheritance by thei 
germ of the modifying influences of climate but also 
on the reaction of the germ and consequent origin of 
hereditary mutations under more or less violent' 
physicochemical agencies. 

\ Aristotle-Dribsch Hypothesis 

fourth great principle is purely speculative. ‘ 
It is rat truly an induction from observed facts like; 


the others. It is rather a deduction. Hydra-headed, 
it appears under new designations from the 
"entelechy' of Aristotle (384-322 B. C.) to the mod¬ 
em ^‘holism” of Smuts or the “emergence” of C. Lloyd 
Morgan. Perhaps the most expressive designation is 
that of “vitalism,” namely, that there is in life a 
mysterious self-perfecting principle, charmingly 
designated by Bergson the “elan vital.” Needless to 
say, this is what the Latins called a petitio principi; 
it is begging the question and avoiding the difficulties 
by assuming the presence of this internal perfecting 
tendency. It is something like the assumption by 
older chemists of “phlogiston” as an explanation of 
the internal heat and of motion of the body. 

Again, while stoutly maintaining that the* entelechy 
of Aristotle and his successors is a theoretic assump¬ 
tion, we should by no means shut out the possibility 
of further observational or inductive demonstration 
that there is in life something in the nature of an 
internal perfecting principle. It is certainly rash at 
the present moment to deny the possibility of such 
future discovery. Certainly if there is an ilan vital 
it should appear in the creative origin of new parts 
and organs, as, for example, in the beautiful eyes of 
the scallop Pecten which, as Bergson showed, present 
so many analogies to the human eye in the position 
of the lens and retina. 

Trends op Recent Thought 

Unlike pure Darwinism, which is still greatly de¬ 
bated as an adequate explanation of evolution, and 
unlike Lamarckism, which is moribund except in the 
minds of a very few of its living advocates, the 
Buffon-St. Hilaire principle of direct environmental 
action both on body and germ is now universally ad¬ 
mitted as one of the great causes of evolution. As 
shown in the experiments of Sumner, one of my 
former students, it is directly responsible for specia- 
tion in animals like Peromyscus, Sumner has 
positively demonstrated that modifications in color 
and fortn and proportion, traceable to the prolonged 
direct action of environment, arc hereditary and there¬ 
fore true germinal characters. Perhaps the best ‘ 
established zoological generalization of modern times 
Is that subspeciation, and ultimately full speciation, 
is the inevitable result of prolonged change of en¬ 
vironment especially visible in color, in proportion, 
and inevitable in habit which is the invariable pre-^ 
cursor of change of form. 

The three above principles—Darwinian, Lamarckian 
and Buffonian—rest upon both a purely speculative 
and a largely observational basis, and great zoologists, 
like Edward B. Poulton, who have devoted their en¬ 
tire lives to observations tending to establish pure 
Darwinism, firmly believe that the pure Darwin prm- 
oiple explains not only color evolution as seen in 
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proteetive and aggreasive mimicry, but that all evolu¬ 
tion of every kind is explainable by Darwimsm, This 
is very evident in the years of early correspondence 
which I enjoyed with Poulton, and our opposing views 
ripened into full presentation at the centenary of the 
British Association held in the British Musevun a year 
ago. 

My own position with respect to these three his¬ 
toric explanations has been frequently and clearly 
stated, but I may now briefly summarize it, namely, 
that pure Darwinism never sought to explain the 
origin of new characters. In fact, Darwin invariably 
used the word **chance” but open-mindedly declared 
that “chance” was a term which might simply ex¬ 
press the ignorance of his time as to principles of 
origin which might subsequently bo discovered. Since 
Darwinism is the only explanation of certain kinds 
of adaptations and since it is universally admitted 
that the survival of the fittest is a universal principle 
and that this applies to fitness in every organ of the 
body, we all gladly embrace pure Darwinism os one 
of the great factors of evolution. 

As to Lamarckism, the ease is quite different. The 
immediate inheritance by the next generation of the 
effects of individual adaptation is absolutely dis¬ 
proved, but in the age long or secular biomechanical 
adaptations of animals we do perceive a great prin¬ 
ciple which comes within the generic conception of 
Lemarckiam, if not within the specific cfinception of 
Lamarckism which the great Fi^encb naturalist advo¬ 
cated. 

As regards the third great principle, namely, the 
direct action of environment, it seems to be no longer 
debatable. It is equally evident in every type of 
animal and plant which we may observe, but, like 
Darwinism, bo far as we know at present it is con¬ 
fined to the modification of existing organs rather 
than to the origin of new organs, and oven as regards 
the modification of existing organs, the direct action 
of environment is rather limited. 

As a youthful observer I was first strongly im¬ 
pressed by Lamarckism and my early writings led to 
my classification with Cope as a neo-Lamarckian, but 
whereas Cope stuck to this explanation of the origin 
of all biomechanical adaptations to the very end of 
his life I soon abandoned it and took the speculative 
ground that there was an entirely unknown factor of 
evolution awaiting discovery. Fifty years of con¬ 
tinuous and very close observation, often of the most 
laborious and tedious kind, aided by such a splendid 
assistant as William King Gregory, have only con- 
flmed and strengthened my youthful conviction that 
Uie real underlying causes of evolution are entirely 
unknown, and my present feeling is that they are not 
only unknown but may prove to bo unknowable. 


The universally and marvelously adaptive principle in 
the origin and development of biomechanical fitness 
may be something of the same nature as Newton’s 
principle of gravitation. We may observe all its 
modes, workings and laws and be able to formulate 
them in detail even to the great test of prediction. 
But we may never know the underlying nature of the 
thing itself. As in gravitation so it may be in biology, 
some Einstein may succeed a Newton, and yet leave 
gravitation still in its simpler ej^ression like,—the 
force that holds the moon in a constantly* stable rela¬ 
tion to the earth,—something unknown and unknow¬ 
able, a fact which we can observe but never explain. 
That is my own present feeling about the whole 
evolution process. 

Having dropped speculation very early in my 
biologic and paleontologic career, I settled down to 
the only absolutely safe course for a naturalist, 
namely, to continual and unremitting observation— 
day after day, night after night, month after month, 
year after year. I stick to observation as a shoe¬ 
maker sticks to his last, tlirough thick and thin, and 
all the generalizations which 3 have been able to make 
are in part confirming generalizations previously made 
liy others, in part discovering entirely new principles 
hitherto unsuspected. I estimate that 90 per cen^. of 
my time has been given to my own observation and 
less than 10 per cent, to reading the observations of 
others. In fact, I am soraewbal ashamed of having 
done comparatively little reading. When I find some 
one has anticipated me 1 am only too glad to give 
him the fullest possible credit, but anticipations are 
rare because no one iii the world Las ever had the 
opportunity afforded me through the splendid financial 
resources of this museum and the dauntless corps 
of explorers, field collectors and coworkers who have 
built up the unrivaled collections in the department 
of vertebrate paleontology in the American Museum. 
Such actual documentary records of evolution as have 
never been accessible before to any naturalist or any 
observer, however keen, have opened the way to all 
which may be claimed as new discovery. 

Recently Julian Huxley visited the Hall of the Age 
of Mammals and I showed him the small case two feet 
square which contains the entire fossil vertebrate 
collection of the Tertiary,^o£ the year 1891. Then 
when I told him of the six great exhibition halls of 
the Life History of the Earth which will be over¬ 
crowded when all our existing collections are displayed 
in them, he was simply amazed. It is not the mag¬ 
nitude of these collections, but the oxliaustivc and re¬ 
fined way in which they have been assembled with 
extremely precise field records both as to locality and 
as to geologic level, which is of inestimable value. 
This minute observation of geologic sequence, first 
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in America and then in the Tertiaries of India by origins and continuous developments of new ohatae- 
Barniun Brown, has brought us to the point where ters. Such observations were undreamt of by Buffon, 
we can demonstrate beyond refutation the absolute fay Lamarck or by Darwin, 


THE VALUE OF THE DETERMINATION OF FREE ENERGY 
CHANGE FOR ORGANIC REACTIONS' 

By Professor D. B. KEYES 

DEPAHTMKNT OP CHEMIBTKY, UNIVEESrTV OP ILLINOIS 


It is only witihin recent years that the importance 
of free energy determinations of organic compounds 
has been realized.“ 

The study of any chemical reaction resolves itself 
primarily into two fundamental questions: drat, how 
nearly to completion does it go under various condi¬ 
tions, and second, how rapidly does it approach this 
limit in the presence of various catalysts. The an¬ 
swers to these two quesitons are to bo found by means 
of free energy values. 

The well-known formula A = - RT In K gives 
the relation between the equilibrium constant (K) and 
the change of free eneigy for the particular reaction 
under certain definite conditions. The value A F.° is 
of more general significance than the value K and 
that is why this particular physical constant is usually 
Bought. The factor R in the equation is the gas con¬ 
stant and T the absolute temperature 

It is not necessary to determine the equilibrium 
constant directly under certain definite conditions in 
order to find A F° It is usually quite feasible to 
perform operations with various chemical equations in 
free energy terms, so that a numerical value of A F.° 
is obtained. 

It is sometimes quit^ expedient to use another well- 
known formula for tho determination of A_F.® This 
is: A A jr - T A In this case use is not 
made of the gas constant R and the equilibrium con¬ 
stant K, but the heal terra A H and a change in 
entropy A S. The term A H is a quantitative value 
of the beat given off or taken up during the reaction. 
This heat term is usually measured while the system 
is at constant pressure. The reaction, however, may 
bo from one physical state to another and not neces¬ 
sarily chemical. 

The change in entropy A S is made up of a series of 
A S^s from the absolute zero up to the temperature ex- 

1 Bead before the National Academy of Sciences, Uni¬ 
versity of Michigan, on November 14, 1932. 

2 See American Chemical Society Monograph No. 60, 
entitled “Free Energies of Some Organic Compounds,'^ 
by Parks and Huffman, recently published by the Ghemioal 
Catalog Company in New York. 

®AP=AH-TAS under any conditions. A T = A 
F'^^when all reactants and products are under one atmos¬ 
phere pressure. 


isting at equilibrium for each constituent. For exam¬ 
ple, a solid in heating up from absolute zero to some 
higher temperature acquires an entropy value equal 

to the integral of the function ^ over the tempera¬ 
ture range, where Cp is the specific heat at constant 
pressure. When the solid changes from the solid state 
to liquid state tho heat of fusion divided by the abso¬ 
lute temperature of melting will constitute the entropy 
change for that change in state. From then on the 
specific heat of the liquid is tihe determining factor 
until the boiling point of the liquid is reached and 
then the latent heat of evaporation must be taken into 
consideration. In this way it is possible to determine 
from specific heats and latent heat data the S for 
any particular chemical compound at any deflinite 
state and condition. The A S for a reaction is cal¬ 
culated from the S values of individual compounds in 
exactly the same manner as A F. In other words, the 
A S value for the reaction is caloulated by subtracting 
the sum of the S values of the reactants from the sum 
of the S values of the products. 

It should be possible theoretically to measure the 
equilibrium constant of any chemical reaction and 
from this to obtain easily a A F.® value. We would 
then have an answer to the question, what are the 
equilibrium conditions of the reaction, and thereby 
be able to determine whether or not the reaction was 
suitable for any particular purpose. Unfortunately,"' 
there are a great many practical difScuIdes that arise, 
especially with organic reactions. 

Reactions studied by the equilibrium method have 
been those that, first, gave a measurable concentration 
of product and left a measurable concentration of 
reactant; second, involved relatively simple methods 
of analysis; third, had no complicating side reactions. 
With the exception of ionic reactions, as great a pro^ 
portion of itmrganic as organic reactions satisfy the 
first requirement—although that proportion is very 
small indeed. Analytical methods are much beto ^ 
developed for inorganic than for organic oomponn&^r. 
As for side reactions, the distinetive ability of oaxhW 
to combine with tends to cntise mil* 

i; ' , ' ^ I I ' ' ^ ' ** fti-iijJ 




difficulty with organic compounds. The reactions 
studied BO far, then, have been largely inorganic. 

It is well known that the equilibrium constant is 
determined by the ratio of the activities, and the 
activities in turn bear definite relations to ooncentra- 
tions of the substances present. 

It can, therefore, easily be seen why it is difficult to 
obtain an accurate determination of the equilibrium 
constant directly whenever the equilibrium is such that 
some of these activities and the corresponding concen¬ 
trations become extremely small. Such a condition 
quite often occurs when organic chemical reactions are 
considered. 

Organic chemical reactions, on the other hand, are 
attracting considerably more interest in the industrial 
world to-day than do the inorganic chemical reactions, 
because our industries are developing much more along 
organic lines than along inorganic lines. This means, 
however, that the determination of equilibrium con¬ 
stants or better yet, free energy values, is becoming 
more and more important from the standpoint of the 
applied scientist. 

It is interesting to note that in any of this work it 
is not only desirable but sometimes essential to inves¬ 
tigate the catalytic situation involving the particular 
reaction and detennine roughly the rate of reaction 
under certain definite conditions. This means thai the 
determination of a free eneigy value for a specific 
organic reaction usually results in not only deter¬ 
mining how far the reaction will go under certain 
definite conditions, but also how fast. In other words, 
studies of this kind usually give a fairly complete 
answer to tlie fundamental questions concerning the 
dhemical reaction. 

We may generally assume in most organic chemical 
reactions that it is impractical to measure the equi¬ 
librium constant directly and thereby determine the 
free energy for the reaction under certain definite 
and practical conditions. It is usually necessary to 
determine the A F.° values for a combination of reac¬ 
tions which, added and subtracted from one another 
will result in the A F.® value required as has been 
shown before. , 

Free energy change can sometimes be determined, 
especially in inoignnio renctioDs, by setting up a re¬ 
versible cell. The equation then becomes A F.® = - 
n F E®. ,.Jn this equation, n is the number of equiva¬ 
lents, the F is a Faraday and the is the potential 
under standard conditions. In order to set up such a 
cdl it is necessary that the electrons be mobile; that 
the atoms be capable of giving off and taking up eleo- 
;; trons readily. This condition, especially of the carbon 
; 4^ is not common and therefore organic reactions 

^ r^ lend themselves to this method of study. 


The most practical methods of determining the 
A F.® for organic reactions is the use of the entropy 
equation previously described. The reason for this is, 
the specific heats, latent heats, temperatures and heat 
change during the reaction can bo measured usually 
with more accuracy than other physi<!al constants. 

Some preliminary results obtained by actual work 
of this character on certain interesting organic reac¬ 
tions in the industrial division of the chemistry de¬ 
partment, University of Illinois, tvill be given below. 

An attempt has been made to determine the A P.® 
of the reaction between ethylene and water to produce 
ethyl alcohol. This reaction is particularly valuable 
because ethyl alcohol is tlie most important organic 
solvent at the present time. It is largely made by the 
fermentation of molasses, which involves rather large 
equipment cost. A study has been made of various 
synthetic methods during the last fourteen years, and 
it is believed that the action of water on ethylene has 
a most promising future. 

The decomposition of ethyl alcohol to produce 
ethylene and water was first studied largely to de¬ 
termine what would be a satisfactory catalyst. The 
best catalyst found was aluminum oxide (Al.OJ, im¬ 
pregnated with about 3 jier cent, of phospho:^ic acid 
(HgPO^). Preliminary results indicated a decomposi¬ 
tion of approximately 96 per cent, at 420-430" C. 
(700® K.), at a space velocity of 100. A small amount 
of aldehyde, ether and other by-products was found 
but not determined quantitatively. The A F 
based on this 96 per cent decomposition, represented 
a value of +3,500 cal. 

Parks and Huffman* indicate a value of +17,900 
for A Francis and Kleinschmidt* give a 

value for the same AF.° of + 7,650. Frost” indicates 
still another value for this physical constant of + 6,008. 

Our figure of 3,500 is undoubtedly low because the 
amount of undecomposed ethyl alcohol was probably 
less than the 4 per cent, indicated by the decomposi¬ 
tion figures. There is no question, however, regarding 
the sign, and the probabilitiffs are that the order of 
magnitude is also correct. 

The difficulty with the direct determination proved 
to be the inaccuracy of methods of analysis pertain¬ 
ing to the products of the reaction. 

Considerable time was^pent in an attempt to im¬ 
prove these analyses, with unsatisfactory results. The 
method of attack on this problem at the present time 
is to divide the reaction into two steps: {1) The ab¬ 
sorption of ethylene in concentrated sulfuric acid, 

* A. G. S. Monograph,'' Free Energies of Some Organic 
Ooapouods, * * 123,3 932. 

9'Applieatious of Thermodynamics,’' Oil and 0^ 
Jowr„ 25: 118,1929. 

•**flydration of Olefins to Alcohols/' Zhur. PriSklad- 
notlAim, 8; 1099-76, 1930. 
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and (2) the production of ethyl alcohol formed from 
the ethyl acid sulfate by further dilution. The im¬ 
portant physical data to obtain in this case arc the 
partial pressures of the reacting constituents. 

Another reaction that is of real interest both to 
the scientific man and the applied scientific man is the 
reaction between propylene and hydrogen sulfide to 
produce an alkyl acid sulfide. A direct determination 
of the equilibrium constant at 573° K. indicated a 
A F.° of + 3,000 cal. There are no data in the litera¬ 
ture that would indicate the accuracy of this de¬ 
termination. 

Considerable polymerization of the propylene oc¬ 
curred in the presence of catalysts such as phosphoric 
acid on activated charcoal. A quantitative analysis 
of this polymer is extremely difficult. 

The study at the present time is along two lines: 
(1) the development of a catalyst that will eliminate 
this and other side reactions, and (2) the determina¬ 
tion of the A F.° by means of heat capacity measure¬ 
ments. Both methods hold out some promise. 

Still another reaction which is of interest to many 
is the reaction between ammonia and ethylene to pro¬ 


duce ethylamine. A study was first made of the re¬ 
action itself in order to determine directly the equilib¬ 
rium constant. A silent electric discharge was used in 
the place of a catalyst. At 298° K., A F.° found from 
these data was approximately +1,200 cal. 

Again the difficulty was due to analytical methods, 
especially those involving the determination of the 
amount of ethylamine formed. There were indica¬ 
tions of side reactions taking place. Unknown amines 
apparently were formed. Preliminary results do, how¬ 
ever, agree with some rather qualitative work done on 
the reaction by Francesconi and Ciurlo.'^ It will, of 
course, be necessary to determine by what, if any, 
amount the equilibrium is displaced by the discharge. 

Further work will be done in the hopes of improv¬ 
ing the methods of analysis. If these fail, an attempt 
will be made to procure a catalyst that will eliminate 
the side reactions or the A F.° will bo determined by 
heat capacity measurements. 

The author wishes to acknowledge the assistance of 
Messrs. M. Gallagher, H. R. Duffey and F. T. Barr, 
who have done the experimental work and who have 
contributed many worth-while ideas. 


OBITUARY 


WILLIAM JACOB HOLLAND 

With the death of Dr. William J, Holland, which 
occurred on December 13, 1932, a distinguished figure 
in the world of science passed away. He was the dean 
of American entomologists, the author of innumerable 
publications in this field. But Dr. Holland was far 
more than an eminent entomologist of world-wide 
reputation—he was a naturalist of a universality of 
erudition which is but rarely found among scientific 
men of the present day^ With a prodigious memory, 
a keen understanding of the diversity of scientific 
problems, he was at home in the manifold domains of 
learning. Above all, he was a man of outstanding 
intellectual and spiritual culture, and that is why his 
loss has created an irreparable void in the community 
with which he has been associated for nearly three 
scores of years and within the ranks of his fellow 
workers in the scientific field. 

William Jacob Holland was born in Bethany, on 
the island of Jamaica, on August 16, 1848. His 
family was of Moravian extraction, residing for a 
long time in Salem, North Carolina. From there his 
father was sent as a missionary to the West Indies. 

From early boyhood Holland was trained in studies 
of natural history. Upon graduation from the 
Moravian College and Theological Seminary at Beth¬ 
lehem, Pennsylvania, in 1807, he received the degree 
of bachelor of arts from Amhferst College in 1869. 
For a year after graduation he served as principal of 


a high scliool in Amherst, and the following year oc¬ 
cupied the same position at Westboro, Massachusetts. 
Having been ordained into the Moravian ministry he 
entered Princeton Theological Seminary and con¬ 
cluded the course in 1874. Subsequently he joined 
the Presbytery of Monmouth and came to Pittsburgh 
as pastor of the Bellefield Presbyterian Church, which 
position he held until 1891. In the course of his 
pastorate Dr. Holland devoted much time to scien¬ 
tific studies. He went to Japan as a member of the 
United States Eclipse Expedition in 1887 and used 
this opportunity in a very profitable way for various 
biological investigations. In 1891 he was made chan¬ 
cellor of the Western University of Pennsylvania, now 
the University of Pittsburgh. In 1898 his friend, 
Andrew Carnegie, invited him to assume the respon¬ 
sibilities as director of the museum founded by this 
steel magnate. This office was held by Dr. Holland 
with signal success until 3922, when he became direc¬ 
tor emeritus of the Carnegie Museum. Under the 
administration of Dr. Holland the museum attained 
the rank of one of the most important scientific insti¬ 
tutions of its kind on the continent. Dr. Holland per¬ 
formed the duties as vice-president of the Carnegie 
Hero Fund from 1904 to 1922, and upon his election 
as president of that body became a member of the 
Carnegie Corporation. 

f Francesconi and Ciurlo, chim, ital; 68: 698, 

1928. 
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Dr. Holland was an active member of the board of 
trustees of several institutions of higher learning, and 
carried on the duties of Belgian Consul for some 
years after the world war. He had the distinction of 
becoming the founder of the American Association of 
Museums in 1907, and remained president of the 
association until 1909. He was a member of scores 
of scientific societies, among them the 2k>oIogical and 
Entomological Societies of London, the Entomological 
Societies of America, Washington, Now York, Cam¬ 
bridge, Germany, France, Russia and Brazil; the 
American Zoological Society, Royal Society of Edin¬ 
burgh, American Philosophical Society and several 
foreign scientific academies. He was a councilor for 
the Association for International Conciliation, a mem¬ 
ber of the Academy of Natural Sciences, Philadelphia, 
the Pennsylvania Historical Society, Historical 
Society of Western Pennsylvania and Moravian His¬ 
torical Society. 

Dr. Holland was the author of numerous scientific 
treatises and books, notably of “The Butterfly Book” 
and “The Moth Book,” which became sources of 
reference for specialists and were chiefly instrumental 
in stimulating a wdde-spread interest in lepidopterol- 
ogy among amateurs in this country. He also wrote 
many scientific papers published by the United States 
Government and the Zoological Society of London. 
The Encyclopedia Britannica applied to him as to a 
leading specialist in the museum field for the prepara¬ 
tion of a survey of the history of scientific museums. 
For the last thirty-four years he edited the Annals 
and Memoirs of the Carnegie Museum. Washington 
and Jefferson College, Amherst College, Dickinson 
College, New York University, Bethany College, St. 
Andrew's in Scotland and the University of Pitts¬ 
burgh conferred degrees of honorary doctorate upon 
him. 

One of the most significant scientific achievements 
of Dr. Holland was connected with the paleontological 
explorations of the Carnegie Museum which were 
directed by him in Utah, Wyoming, Montana and 
North Dakota. The finds of these expeditions re¬ 
sulted in many discoveries, including the celebrated 
Diplodocua carnegiei, the original skeleton of which 
is adorning the gallery of fossils in the Carnegie 
Museum, whereas nine replicas were presented to the 
leading scientific institutions in Europe and both 
Americas. In recognition of his contributions to 
science Dr. Holland received decorations from Bel¬ 
gium, Austria-Hungary, Italy, Russia and Spain. 

In his busy life, Dr. Holland found time to attend 
to many public responsibilities of diversified nature. 
For instance, he took an active part in the develop¬ 
ment of the water system in the City of Pittsburgh. 

Dr. Holland passed away amid his favorite labors, 


lending his concentrated attention, as throughout his 
life, to various problems of natural history advanced 
by recent investigations. Until the end he remained 
absorbed by the adventurous spirit of scientific re¬ 
search, responsive to the lure of exploring some new 
avenue of the ever-widening horizons of knowledge. 
He lived a life of exceptional usefulness. Endowed 
with a profusion of gifts, among which his linguistic 
abilities were by far not the leijjit, he cultivated his 
native talents and molded them into a personality of 
unique qualities and values. A churchman, a leader 
in education, the father of the Carnegie Museum in 
Pittsburgh, a man of learning honored far and wide 
by academics, international congresses and univer¬ 
sities, Dr. Holland will not only be mourned sincerely, 
but his achievements will also not fail to remain an 
inspiration challenging the best within us. 

A. Avinoff 

Carnegie Museum 
P iTTsmTRGH, Pennsylvania 

RECENT DEATHS 

George P. Adam son, chemist and formerly director 
of research of the General Chemical Company, New 
York City, died on February 16. He was sixt;, -eight 
years old. 

Dr. Clarence Henry EcKiiES, chief of the division 
of dairy husbandry at the University of Minnesota, 
died on February 13, at the age of fifty-eight years. 

Dr. Carl L. Correns, honorary professor of botany 
at the University of Berlin and formerly director of 
the Kaiser Wilhelm Institute for Biology, has died 
at the age of sixty-eight years. 

Horatio Ward Stebbens, associate professor of 
mechanical engineering at Stanford University, died 
at the Stanford Hospital in San Francisco on Febru¬ 
ary 2, following an operation several days before. 
Professor Stebbens, who has been at Stanford since 
1914, was graduated from the University of Cali¬ 
fornia and the Massachusetts Institute of Technology, 
and prior to teaching, had been connected with vari¬ 
ous engineering projects. 

Theodore Saunders Dunn, associate professor of 
mining engineering at Stanford University, was killed 
instantly when struck by an automobile on the Stan¬ 
ford campus the evening of February 3. Professor 
Dunn was a graduate of the Missouri School of Mines, 
and besides having practical experience with a num¬ 
ber of mining corporations, and serving as a captain 
in the engineers during the World War, bad served on 
the faculties of the Missouri School of Mines, South 
Dakota School of Mines and Georgia School of Tech¬ 
nology, going to Stanford in 1930. 
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SCIENTIFIC EVENTS 


DANISH EXHIBIT AT THE CHICAGO 
MUSEUM OF SCIENCE AND INDUSTRY 

'WORT> has been rncejvec] from Dr, Max IleniuB, of 
Chicago, that the Ways and Means Committee of the 
Danish government has approved the expenditure of 
fifty thousand kroner for exhibits for the Museum 
of Scionee and Industry in Chicago. These exhibits 
are to portray the contributions of Danish scientists 
to worid progr(>ss. Dr. Iltuiius, who has been director 
of the Wahl-llenius Institute in Chicago for many 
years, has already secured a large operating model 
of a brewery for the museum. He has also been very 
active in the establishment of the Dan-American 
Archives, which arc a gift of the American people 
to the people of Denmark. 

The exhibits from Denmark will consist of originals 
and replicas of the apjiaratus used by Denmark's 
great scientists and engineers from Tycho Brahe in 
the sixteenth century to Knudsen, Poulsen and Bohr— 
Denmark’s leaders in modem science. Tycho Brahe 
was one of (he first great observers of the motions 
of the sun, moon, stars and planets. The observa¬ 
tories which ho built and the instruments which he 
devised form one of the most precious heritages of 
modern astronomy. A model of his great observa¬ 
tory at Uraniborg as well as models of his instruments 
will fonn part of this exhibit. 

It is also fitting that Chicago, the home for so long 
of Dr. Albert A. Michelson, whoso measurements of 
light won him the Nobel prize, should receive from 
Denmark examples of the work of Ole Rdmer. Rtimer 
invented the transit circle and by his measurements 
of the light from Jupiter he was able to pronounce 
for the first time that light traveled at a definite speed 
and not at an infinite speed as had been supposed. 
Rdmer in 1676 estimated the speed of light at 192,000 
miles a second and Michelson in 1926 corrected this 
to approximately 186,000. 

In the field of electricity Hans Christian Oersted 
ranks with Michael Faraday. His discovery of elec¬ 
tromagnetism forms, together with Faraday’s dis¬ 
covery of electromagnetic induction, the foundation 
of the ago of electric power. During his great career 
Oersted founded both the Danish Society for the 
Propagation of Science and the Polytechnic Institute. 
Replicas of his original apparatus, of his electro¬ 
magnet, and a copy of his essay on his great dis- 
* covery will form part of the Danish gift to the Mu¬ 
seum of Science and Industry. A bronze tablet com¬ 
memorating the centenary of Oersted’s discovery of 
electromagnetism has already been given to the mu¬ 
seum by Dr. Neils C. Oatved, of Detroit, Michigan. 

Among these exhibits will also be included an early 


model and a modem telegrapbone, the invention of 
the Danish scientist Waldemar Poulsen. The telegra- 
phone, which has recently come into use again in 
Europe for recording telephone messages when the 
party called is absent, is a device which records sound 
on an iron wire. Poulsen’s principal contribution to 
scientific progress which will be shown among this 
group of exhibits was his production in 1903 of an 
oscillator which made continuous radio waves possible. 

No exhibition of the work of Danish scientists 
would be complete without that of Niels Bohr. Al¬ 
though the atomic theory has changed since Bohr re¬ 
ceived the Nobel Prize for his work, the rise of atomic 
physics dates bock to him and every new discovery in 
the field serves to emphasize the task that Bohr per¬ 
formed in directing the thinking of scientists all over 
the world along these lines. Hence the Museum of 
Science and Industry has asked that the Danish gov¬ 
ernment include the work of Bohr in this gift of 
exhibits. 

The exhibits from Denmark wiU be housed tem¬ 
porarily in the Hall of Science of A Century of 
Progress. Although the Museum of Science and In¬ 
dustry will be opened to the public in May, 1933, the 
decision has been made to loan the Danish exhibits to 
A Century of Progress for six months before placing 
them permanently in the museum. 

CoBBSSPOKDEIirr 

THE HERBARIUM OF W. W. ASHE 

The University of North Carolina has secured the 
W, W. Ashe Herbarium, a collection very valuable for 
its large number of type specimens from the south¬ 
eastern states. William Willard Ashe (1872-1932), 
a graduate of the University of North Carolina and 
Cornell University, was the first forester employed by 
the state of North Carolina. After eighteen years in 
forestry service for North Carolina he spent twenty- 
three years in the U. S. Forest Service. He was a 
keen observer and the qualities that carried him far 
in his vocation of forestry also made him an impor¬ 
tant systematic botanist. He is credited with 179 
scientific papers, about one third of them in system¬ 
atic botany. In those he published 610 new botanical 
names (including species, varietieB and forms). 

The acquisition of the Ashe Herbarium by the Uni¬ 
versity of North Carolina was made possible through 
the generosity of Mr. George Watts Hill, of Durham, 
N. C. Most of it is unmounted; but Mr. Hill’s gift 
made possible not only the purchase of the plants, 
but the cost of mounting them and the purchase of 
suitable herbarium cases, to assist in assembling and 
mounting the hm^bi^um, the uniTerslty haa eemxiwd 
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tbe setvioea of Mr. T. G. Harbison, of Highlands, 
N. C. He was for years a collector for the Biitmore 
Herbanuiu, a collector for Sargent for over a quarter 
of a century, is the author of a number of papers on 
gysteznatic botany, and as a friend and fellow collector 
of Mr. Ashe he is familiar with Mr. Ashe’s signs and 
symbols. With Mr. Harbison’s assistance the her¬ 
barium should be ready for the use of visiting bota¬ 
nists by summer. 

Through the generosity of Mrs. W. W. Ashe the 
university is also the recipient of a large number of 
Mr. Ashe’s reprints of botanical and forestry interest 
and a number of botanical journals and books. 

H. R. Totten 

HECKSCHER GRANTS AT CORNELL 
UNIVERSITY 

The Hecksoher Research Council of Cornell Uni¬ 
versity has announced that supplementary grants 
amounting to about $11,000 have been made for tho 
continuance of eighteen scientific researches. 

The allocation of grants followed a gift of $10,000 
from the Carnegie Corporation made last autumn. A 
special gift of $1,000 made by Mrs. Harry Snyder, of 
Minneapolis, for the promotion of research in bio¬ 
chemistry and allied Oolds afr Cornell was also allo¬ 
cated at this time to the continuance of researches as¬ 
sisted by an earlier gift from Mrs. Snyder. 

The Heokscher Foundation for the promotion of 
research at Cornell was established by Mr. August 
Heckscher, a trustee of the university, in 1920 by a 
gift of $500,000. During the twelve years it has been 
in existence the fund has provided an income of $445,- 
000 for the support of 200 separate projects. 

The following supplementary grants wore made for 
the academic year, ending J une 30, 1933: 

Professor Wilder D. Bancroft: For rosoarches in photo- 
ehemistry. 

Professor Samuel L. Boothroyd, ’04r-5, G: To contiinio 
work on meteors. 

pTofossor T. Boland Briggs, ’09, and Carleton C. Mur¬ 
dock, '12: .fror a study of the size and shape of colloidal 
particles with spocial reference to catalytic agents. 

Professor L. M. Dennis: For investigation of rare 
elements. 

Professor B. QUfton Gibbs, '07: For a study of line 
epectra in the extreme ultra-violet 

Professor Edwin F, Hopkins, '16: For a study of 
the physiological effect of iron and certain other elo' 
meats in the ionized state. 

Professor Earle H. Eennard, ’13, Ph.D. : For research 
in theoretical physics. 

Professor Robert Matheson, 06-7: For a study of 
euUeid ecology. 

/ George Maughan: To continue study of tho effects of 
,. light on animal physiology. 

v A. Hazard, '15, Ph.D., and C. M. 


McCay: To eontinuo investigations on physiological ef¬ 
fects of purided diets in herbivora, and to continue in¬ 
vestigations on biochomical changes that accompany 
aging in the animal body. 

Professor Ernest Merritt, '86: For study of the in¬ 
fluence of the conditions of the upper atmosphere on the 
transmission of electric waves. 

Professor Murdock: For work in x-rays. 

Professors Edward L. Nichols and Ernest Morritt: For 
studios in luminoscenco. 

Professor Jacob Papish, '21, Ph.D.: For a study of 
the occurrence, distribution and association of the rarer 
chemical elements. 

Professor Otto Rahn: For studies of radiation from 
living matter. 

Professor Hugh D, Rood, '99, Alan C. Fraser, '1.3, and 
George 0. Embody, '10: For the purpose of undertaking 
genetical studies and related problems in Ashes. 

Professor Floyd K. Bichtmyer, '04: For invostigationa 
in tho laws of absorption of x-rays. 

THE AMERICAN JOURNAL OF SCIENCE 

Dr. Richard S. Lull, Sterling professor of paleon- 
tology and director of the Peabody Museum of Nat¬ 
ural History at Yale University, has been appointed 
editor of The American Journal of Science, succeed¬ 
ing Dr. Ernest Howe, who died in December, 

The American Journal of Science and Arts was es¬ 
tablished by Benjamin Silliman in 1818, and is an in¬ 
tegral part of the educational activities of Yale Uni¬ 
versity. This was the first serial scientific periodical 
in this country as Silliman was the first professor of 
science. At that time the scientist had only the irreg¬ 
ular publications of a few scientific societies or acad¬ 
emies in which to bring out with some promptness the 
results of his work. 

As planned by Silliman The American Journal was 
to embrace all branches of science, “more especially 
mineralogy and geology"; including also *^the orna¬ 
mental as well as the useful arts.’’ Papers on these 
last subjects appeared occasionally in early volumes, 
but more and more infrequently and finally, in 1880, 
**the Arts" was dropped from the title. The wide 
range of subjects was gradually somewhat restricted 
and after the 1890’s articles outside of the geological 
field were more and more infrequent. The other sub¬ 
jects (as chemistry, physics, botany, etc.) still find a 
place in the abstracts of papers published olsowherej 
gr in the reviews of books in all lines of science. 

The elder Silliman carried all the work of the 
Journal for some twenty years till his son, Benjamin 
Silliman, Jr., camo in to assist him in 1838, A little 
later (1846), his son-in-law, James Dwight Dana, was 
Also included in the editorial board. The last soon 
took upon himself the entire work and carried this on 
until within a few years of his death in 1895. For 
yeaie previous to this he had had the assistance of im 
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8on, Edward S. Dana (whose name was included 
among the editors as early as 1875). From 1895 until 
1925, the name of the younger Dana alone appeared 
as editor-in-chief. In 1925-26, Professor Alan M. 
Bateman rendered essential assistance until, through 
his efforts, Dr. Ernest Howe became editor in 1926. 

The associate editors of The American Journal 
have been of importance in their support in many di¬ 
rections, especially by their contributions of abstracts 
of original papers published elsewhere. The list of 
associate editors from 1851 to the present time in¬ 
cludes the names of many of the most distinguished 
scientists of the time, chiefly in this country. 


At the time of the hundredth anniversary of the 
Journal in 1918 a number of lectures, certain of which 
were made the basis of a series of Silliman Lectures 
at Yale, were gathered together and published under 
the title, “A Century of Science in America, with spe¬ 
cial reference to The American Journal of Science, 
1818-1918.” 

The ownership of the Journal passed to Yale Uni¬ 
versity in 1926 through the gift from the editor and 
owner, Edward S. Dana. An endowment has been 
gradually accumulated, a large part of which has been 
given by the immediate descendants of the founder of 
the Journal. 


SCIENTIFIC NOTES AND NEWS 


Sir Charges Sherrington, Waynflete professor 
of physiology at the University of Oxford, has been 
elected an associate member of the French Academy 
of Medicine. 

Dr. II, Spencer Jones, recently appointed Astron¬ 
omer Royal at the Greenwich Observatory, formerly 
a fellow of Jesus College, Cambridge, has been elected 
to an honorary fellowship. 

Dr. Gilbert Thomas Morgan, director of the chem¬ 
ical rc*search laboratory of the Department of Scien¬ 
tific and Industrial Research at Teddington, has been 
nominated to the presidency of the Chemical Society, 
London. 

Dr. Nevil Vincent Sidgwick, university reader in 
chemistry at the University of Oxford, fellow of 
Lincoln College, Oxford, and member of the Advisory 
Council of Scientific and Industrial Research, has 
been elected a member of the Athenaeum Club, under 
the provision which ei^powers the annual election of 
a certain number of persons of distinguished eminence 
in science, literature, the arts or public service. 

At the annual dinner on February 22 of the Amer¬ 
ican Institute of Mining and Metallurgical Engineers, 
the Saunders Medal, for distinguished achievement in 
mining engineering, was presented to Walter H. 
Aldridge, president of the Texas Gulf Sulphur Com¬ 
pany, and the James Douglas Medal, for distinction 
in metallurgy, was presented to James 0. Elton, man¬ 
ager of the International Smelting Company of Salt 
Lake City, 

Dr. Frank C. Mann, of the Mayo Foundation, 
Rochester, Minnesota, has been awarded the William 
Wood Gerhard gold medal of the Pathological So¬ 
ciety of Philadelphia for 1932. Dr, Mann also gave 
the annual conversational lecture on the evening of 
February 9. His subject waa "Observation on Ex¬ 
perimental Pathology and Pathologic Physiology of 
the Liver.” 


Oiii paintings of Dr. Charles N. Gould and Dr. 
Charles E. Decker, commemorating their many years 
of active service in connection with the development 
of geological science in Oklahoma, were unveiled on 
February 8 at the University of Oklahoma. Thirty- 
three years ago Dr. Gould organized the department 
of geology at the university and eight years later 
organized the Oklahoma Geological Survey. For 
seventeen years Dr. Decker has taught paleontology 
at the university. He has also served as secretary- 
treasurer of the American Association of Petroleum 
Geologists, and as grand president of Sigma Gamma 
Epsilon. Dr. Irving Penine, formerly a member of 
the faculty of geology, presided. Short addresses 
were made by a number of former students. Presi¬ 
dent Bizzell, of the university, accepted the paintings, 
which were presented by Gamma Chapter of Sigma 
Gamma Epsilon. 

Db. Walter H. Evans, chief of the Division of In¬ 
sular Stations of the Office of Experiment Stations, 
retired on February 1, having reached the com¬ 
pulsory retirement age of seventy years. Dr, Evans 
was presented by his associates with a signed scroll 
and a watch, as an appreciation of his long and de¬ 
voted service and as an expression of their high re¬ 
gard for him in their personal and official relation¬ 
ships. 

A DINNER in honor of Dr. Francis M. Pottenger, 
Monrovia, California, retiring president of the Amer¬ 
ican College of Physicians, was given by Southern 
California members of the college in Los Angelee, on 
January 12, Dr. David P. Barr, St. Louis, was the 
guest speaker. 

Dr. William Allen Pusby, emeritus professor of 
dermatology, University of Illinois College of Medi¬ 
cine, will deliver the Adolph Gehrmann Memorial 
Lectures at the Research and Educational Hospital 
of the college on March 1, 2 and 3, on "The History 
and Epidemiology of Syphilis.” A diim^ in boi^ ^ 
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of Dr. Pusey lias been arranged by the university, to 
be given on March 2. 

Phofessor Gex). J. Mille®, State Teachers College, 
Mankato, Minnesota, was chosen president of the Na¬ 
tional Council of Geography Teachers at its recent 
meeting in Washington. The next annual meeting 
will be held at Northwestern University on December 
26 and 27. 

At the January meeting of the Pathological Society 
of Philadelphia, officers elected for the year 1933 
were: Dr. V. H. Moon, president; Dr. Morton Mc- 
Cutcheon, vice-president, and Dr. Herbert L. Ratcliffe, 
secretary-treasurer. 

Professor Warren Weaver, chairman of the de¬ 
partment of mathematics of the University of Wis¬ 
consin, has resigned his post to accept permanent 
charge of the Natural Science Division of the Rocke¬ 
feller Foundation, a post which he assumed tempo¬ 
rarily during a year’s leave of absence. His resig¬ 
nation has been accepted by the regents, and Pro¬ 
fessor M. II. Ingraham has been named chairman of 
the department. 

Dr. Geoffrey Douglas Hale Carpenter has been 
elected Hope professor of zoology at the University 
of Oxford, vacant through the retirement of Pro¬ 
fessor E. B. Pouiton, who had held the chair for forty 
years. 

Professor K. Beringer, of Heidelberg, has suc¬ 
ceeded Professor Bostroem in the chair of psychiatry 
at Munich. 

Dr. Fritz Eichholtz, professor of pharmacology 
at Kbnigsberg, has been called to Heidelberg. 

Mr. John L. Wirt retired os bursar of the Car¬ 
negie Institution of Washington on February 1. Mr. 
E. A. Varolla succeeds him and Mr. E. B. Bzesecker 
has become assistant bursar. 

Walter G. Campdei^l, director of regulatory work 
in the U. S. Department of Agriculture, resigned re¬ 
cently to become chief of the Food and Drug Ad¬ 
ministration, effective on February 1. The position 
of director of regulatory work bas been abolished, 
thus completing the reorganization of the department’s 
law-enforcement work started in 1923. 

The Committee on Scientific Research of the Amer¬ 
ican Medical Association has awarded grants in aid to 
Dr. Philip B. Armstrong, of the Cornell University 
Medical College, to study the action of drugs in rela¬ 
tion to the innervation of the heart; to Professor 
Wm, C. Rose, of the University of Illinois, for a con¬ 
tinuation of his studies on the nutritive importance of 
the amino acids, with particular reference to the iso¬ 
lation of a hitherto unknown dietary essential pres¬ 


ent in certain proteins, and to Dr. C. C. Speidel, pro¬ 
fessor of anatomy in the University of Virginia Medi¬ 
cal School, in support of his work on myelinated 
nerve fibers. 

Dr, Dinsmore Alter, professor of astronomy at 
the University of Kansas, spent the first week of Feb¬ 
ruary in Tucson, Arizona, where he conferred with 
Dr. A. E. Douglass, director of the Seward Observa¬ 
tory, regarding a plan for a joint research into the 
problem of meteorological cycles. 

Dr. Ralph H. Smith, entomologist in the Univer¬ 
sity of California Citrus Experiment Station, visited 
the lower Rio Grande Valley of Texas during Janu¬ 
ary. He conferred on citrus pest control problems 
and delivered two lectures on oil sprays. Dr. Smith 
also visited refineries and petroleum testing establish¬ 
ments in the southern and middle-western states. 

Dr. P. H. Rolfs, formerly dean of the College of 
Agriculture at the University of Florida, after twelve 
years’ absence, is returning to take up his residence at 
Gainesville, Florida. In 1920 he was employed by 
Minas-Gorais to establish and conduct a state agri¬ 
cultural college. This work was completed in 1928. 
Since that time he has been serving the state as the 
technical adviser in agriculture. 

Dr. Georg Masing, the German metallurgist, deliv¬ 
ered the Institute of Metals lecture at the annual 
meeting of the American Institute of Mining and 
Metallurgical Engineers. Professor George B. Water- 
house, of the Massachusetts Institute of Technology, 
delivered the annual Howe Lecture. 

Dr, Thorne M. Carpenter, of the Nutrition Lab¬ 
oratory of the Carnegie Institution of Washington, 
gave two lectures in February at Columbus, Ohio, be¬ 
fore the Ohio State Chapter of the Society of Sigma 
Xi. On February 9 he spoke on ^^The Development 
of Methods for Determining Basal Metabolism of 
Mankind” and on February 10 on ‘‘Problems and Fac¬ 
tors in the Determination of the Basal Metaliolism of 
Man.” 

Professor Piet van db E^amp, of the University of 
Virginia, on February 9 spoke on ^‘The Absorption 
of Light in the Galactic System,” before a combined 
meeting of the Virginia^chapters of Sigma Xi and 
Phi Beta Kappa. 

De. D, K. Trbjsslbr, chief chemist of the Birdseye 
Laboratories, Gloucester, Massachusetts, addressed a 
joint meeting of the Massachusetts State College 
Sigma Xi and Graduate Clubs on February 16 on 
‘^Recent Researches on the Preservation of Foods.” 

The Federation of American Societies for Experi¬ 
mental Biology will meet at Cincinnati, Ohio, on April 
10, U and 12. 
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The American Association of Petroleum Qeolog^ists 
will hold its eighteenth annual meeting at Houston, 
Texas, on March 23, 24, 25. 

The American Public Health Association announces 
its sixty-second annual meeting, to be held in Indian¬ 
apolis, Indiana, from October 9 to 12. It was in In¬ 
dianapolis in 1900 at the twenty-ninth convention of 
the American Public Health Association that Dr. 
Walter Reed read a paper entitled “The Etiology of 
Yellow Fever—A Preliminary Note'^ indicating that 
the mosquito serves as the intermediate host for the 
parasite of yellow fever. At the coming meeting it is 
planned to honor the only living participant in the 
Yellow Fever Experiment, Dr. John R. Kissinger, at 
a special memorial session. The scientific program 
will discuss aspects of modem public health practice, 
from the viewpoint of the health officer, the labora¬ 
tory worker, the epidemiologist, the child hygienist, 
the industrial hygienist, the nurse, the vital statis¬ 
tician, the health educator, the food and nutrition ex¬ 
pert, the sanitary engineer. 

The Ohio Academy of Science will hold its forty- 
third annual meeting at Ohio University, Athens, on 
Friday and Saturday, April 14 and 15, under the 
presidency of Professor R. A. Budington, of Obcrlin 
College. As in J'ormer years, the program will con¬ 
sist of one or two general sessions of the academy 
and sectional meetings, one or more for each of the 
seven sections. The general sessions will be devoted 
partly to business and partly to the discussion of sci¬ 
entific topics of general interest, probably by eminent 
invited speakers. Friday evening will be given over 
to the annual dinner at which will be given the presi¬ 
dential address. The section of chemistry meet 
for the first time with Professor William Lloyd Evans, 
of the Ohio State University, Columbus, as the first 
vice-president. This section begins with an enrolment 
of sixty-eight members. The Central Ohio Physics 
Club will meet with the academy again this year, as 
in the past few years. The Ohio Academy of Science 
is sponsoring a series of weekly radio talks of fifteen 
minutes each beginning at 7:16 p. M. each Friday 
over the Ohio State University broadcasting station, 
WE AO, covering the four months from January to 
April. 

After annuities and legacies have been paid, the 
residue of the estate of the late Frederick G. Bonfils, 
editor of The Denver Post, is left to the foundation 
which he created in December, 1927, as corpora¬ 
tion, not for profit, organized for charitable, benevo¬ 
lent, scientific, medical and public educational pur¬ 
poses.'^ The value of the estate is said to be esti¬ 
mated at over $10,000,000. 

Da. J. Middlemass Hunt, who held the post of 


honorary dean of the Liverpool S<^ool of Tropical 
Medicine for many years, has made a bequest of £20,- 
000 to the University of Liverpool to provide for the 
endowment of the chair of tropical diseases of Africa, 

The Chemistry Club of the Georgia State College 
for Women, Mi Hedge ville, Georgia, cooperating with 
the friends of Charles H. Herty, is awarding annually 
a medal for work done in the field of chemistry in the 
South. The purpose of the medal is twofold; (1) To 
give public recognition to worthy research workers in 
the colleges and laboratories of industry, whoso real 
value is often unappreciated by their institutions. 
(2) To honor Dr. Ilerty, who has contributed a great 
deal to the development of the South, and who was 
born in u house which stood on what is now the cam¬ 
pus of the Georgia State College for Women at Mill- 
edgeville. The award will be announced by May 1 of 
each year, and the medal will be presented at the May 
meeting of the Georgia Section of The American 
Chemical Society, which is invited to meet at MLIl- 
edgeville. A modest allowance will be made to cover 
expenses of the winner to this meeting, where ho will 
deliver an address. 

Museum News reports that the Carnegie Corpora-* 
tion has made a grant of a fellowship to the New 
York Museum of Science and Industiy to allow studies 
to be made, under the supervision of Professor Ed¬ 
ward S. Robinson, of Yale University, of problems 
peculiar to museums of science and industry. One of 
the most important problems conoerns the compara¬ 
tive mental reactions of young persons of various 
ages when dealing with exhibits operated by hand and 
when dealing with automatically operating exhibits 
which can be studied from a distance slightly beyond 
arm's reach or behind glass. Others are conceimed 
with the question of what proportion of risitors, par¬ 
ticularly young ones, pay attention to the descriptive 
labels placed on the exhibits and also to the social and 
economic interpretations on the walls above the ma^ 
chine or apparatus; also, the characteristic reactions 
of people in this museum as compared to people in 
art or natural history museums. 

Acgordino to Museum News the Museums Asso¬ 
ciation of Great Britain has adopted reflations for 
gaining its museum curator's diploma. These regula¬ 
tions set forth two aspects of the education of the mu¬ 
seum official of which the association takes cognisanoe.^ 
Competent knowledge (a) of at least one subject re¬ 
lating to museum collections and (b) of museum ad¬ 
ministration, methods and technique. Enowledige dL 
a museum subject must be shown by an earned de- ^ 
gree, diploma or certificate from one of a number cif 
specified educational institutions. Knowledge of mu« ' 
seam technique is determined by esxaminati<tti> 
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panel of examiners is established by the association 
for this purpose. Attendance is required for one 
week each at an elementary^ an advanced and a spe¬ 
cialized course approved by the association. As a 
final test a candidate must submit a thesis on museum 
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work and a concrete example of curatorial work. 
Candidates must have three years experience in a 
museum or art gallery before the diploma is awarded. 
Fee for r^istration is 10s fid and for taking the 
diploma one guinea. 


DISCUSSION 


CORTIN AND TRAUMATIC SHOCK 


A NOVEL explanation of the **secret”, of traumatic 
or secondary shook has recently been published in 
Science by a group of investigators from the Bio¬ 
logical Laboratory of Piinoeton University.^ The 
physiologic phenomena associated with death from 
adrenal cortex insuf&ciency have been compared with 
those found in traumatic shock. The analogy is a 
close one^ as the authors have shown in a list of 32 
particulars. Fundamentally, both conditions are 
characterized by a diminution in the volume of cir¬ 
culating blood, with a failure of the blood-dilutmg 
mechanism. The suggestion is made that *^the signs 
and symptoms of adrenal insufficiency, and of trau¬ 
matic or secondary shock, are possibly due to one 
and the same thing, namely, failure of the blood 
volume and blood-diluting regulator mechanism, the 
adrenal cortex.” Because the ^^adrenalectomized 
animals, in the absence of the cortical hormone, are 
apparently unable to draw fiuii back into the blood 
. stream through the capillary walls” the writers sug¬ 
gest that “the accepted view that the osmotic power of 
the blood colloids is the chief factor involved in com¬ 
pensation needs further investigation,” 

There is only one dissimilarity among the 32 par¬ 
ticulars which the writers have listed showing the 
analogy between adrenal insufficiency and traumatic 
shook. This discrepancy, as they point out, is the 
fact that in adrenal insufficiency the blood sugar is 
low, while in traumatic shock it is normal or elevated. 
They promise a discussion on this point at some 
future time. It seems possible, however, that this 
discrepancy may be of more moment than is realized 
at first glance. That the secretion of the adrenal 
cortex exerts a profound influence on the storage and 
utilization of carbohydrates has been realized for 
some time. The prepotent function of the cortex of 
the adrenal is considered by Britton and Silvette® to 
be the regulation of carbohydrate metabolism. They 
have fousd that the glycogen in the liver and muscl&s 
is lower after adrenalectomy than in extreme inani¬ 
tion, severe exhaustion, after strychnine convulsions 
or after exposure to cold. They state that ^‘more¬ 
over, the muscle glycogen and blood glucose in cases 
of hepateotomy are not depleted more thoroughly 


W. Swingle, J. J. .Pfltfner, H. M. Vars, P. A. 
* Paridns, ScntNC®, 77i fi8, January 18, 1933. 

i. W< JSritton Silvette, Am. Jour. Physiol, 



than in animals showing more or 4 ;sb severe symptoms 
of adrenal insufficiency.” It is therefore recognized 
that the glycogen stores and the blood glucose level 
are reduced in adrcxiulectomized animals. If the 
blood glucose level is reduced by insulin, as shown by 
Drabkln and Edwards in 1924,^ certain physiologic 
reactions occur which are very similar to changes 
which the investigators have found to occur after 
adrenalectomy. In insulin hypoglycemia there is an 
actual loss of blood volume and a considerable con¬ 
centration of the blood. These animals also show a 
decline in blood pressure and death from insulin 
“shock.” Is it possible that the death from adrenal 
insufficiency may result primarily from the alterations 
in the carbohydrate metabolism which secondarily 
exert some influence on the blood hydration rather 
than through some hypothetical control ove»* the 
meohanism of fluid exchange? 

Some interesting experiments arc reported by the 
authors to “test the relation between failure of the 
cortex and traumatic shock” and the results to them 
are “highly suggestive.” Traumatic shock was pro¬ 
duced in adrenalectomized dogs. Administration of 
cortin promptly resuscitated the dying animals. Con¬ 
trol experiments were performed which demonstrated 
that a similar trauma did not produce shock in normal 
dogs. Such an exjieriment is very convincing proof 
that cortin is a specific therapeutic agent for the 
shook which is associated with the absence of cortioo- 
adrenal hormone. But qiute as specific is the glucose 
which is injected into animals in insulin shock. No 
one believes that traumatic shock and insulin shock 
are due to the same mechanism. 

Again, other experiments were performed in which 
“profound surgical shook was induced in normal dogs 
by double adrenalectomy at one sitting. Immediately 
following completion of the operation, the blood pres¬ 
sure was normal.” At thr6 point the question may be 
raised as to their criteria of “profound surgical 
shook” resulting from operations at the close of which 
the blood pressure was normal If such animals re¬ 
ceived cortin they recovered and were normal in 2 to 
3 days. Dogs similarly “shocked” and not injected 
with hormone invariably died within 48 hours. The 
investigators have clearly demonstrated that the 
oortico-adrenal hormone is a specific therapeutic agent 

• D. L. Drabkia and D, J. Edwards, ihid., 70: 278, 
192A 
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for the shock which is associated with absence of the 
adrenals, but they have not reported experiments in 
which the effect of cortin has been assayed in trau¬ 
matic shock. Always when they produced shock the 
adrenals were absent. Shock was never produced 
when the adrenals were present. They conclude, “the 
idea that the adrenal cortical hormone might prove of 
benefit in the treatment of human traumatic shock 
is advanced merely as a suggestion. Adequate proof 
can only come through clinical tnal.” Since it is 
known that deficiency of the cortico-adrenal hormone 
results in a lowering of the glycogen and blood glu¬ 
cose levels and since it is known that if the blood glu¬ 
cose level is reduced by insulin, there is a reduction 
in blood volume with blood concentration, the sug¬ 
gestion that the function of the adrenal cortex is the 
regulation of blood volume and blood dilution seems 
unnecessary. Although the analogy between dt^ficicncy 
of cortico-adronal hormone and traumatic shock is 
a close one, no convincing evidence has been presented 
that the two conditions have a common etiology or 
that the cortical liormone is of benefit in the treatment 
of shock. 

Norman E. Freeman 

Massacuusei^s General Hospital 
Bosion 

THE ASSOCIATION OF TERMITES 
WITH FUNGI 

A SURVEY of the fungi associated with Kalotermes 
minor, a dry-wood termite, Retictditermes Hesperus, 
the common western subterranean termite, and 
.Zootermopsis angiuiticolhs, the large damp-wood 
termite, has been made. 

Fungi were found to be associated with each of the 
fifteen colonies of K. minor, twelve colonies of JB. 
Hesperus and twelve colonies of Z, angusticollis 
studied. They were isolated (1) from the exterior of 
the termites, (2) from the gut of the termites, (3) 
from the fecal pellets of K. minor and Z. angusticollis, 
(4) from the “frass*' with which i2. Hesperus plugs up 
abandoned galleries, (5) from the wood of the inner 
surface of the tenuite burrows, and (6) from the 
wood 1 to 2 nun below the surface of the walls of 
burrows. Ilencefoiiih, in speaking of the isolation 

• of a fungus from a termite colony, this designation 
is used to include not only the termites themselves, 
but also their fecal pellets, the frass and the wood 

• enclosing their burrows. 

Representatives of thirty-three genera of fungi and 
twenty undetermined fungi were isolated from the 
colonies of the three species of termites. A some¬ 
what smaller number of fungi was associated with 
K. minor than with Hesperus or Z, angusticollis, 
seventeen genera of fungi and four undetermined 


fungi being isolated from twelve colonies of K, minor 
as compared to twenty-five genera and eight unde¬ 
termined forms from twelve colonies of R, Hesperus 
and twenty-two genera and three undetermined forms 
from twelve colonies of Z. angusticollis. 

The average number of fungi isolated from ten 
cultures made from each of twelve colonies of each 
of the species of termites was 4.91 for K. minor, 
8.75 for R. Hesperus and 7.25 for Z, angusticollis. 

A smaller amount of fungous growth was present 
in the colonies of K. minor than in those of R. 
Hesperus or Z. angusticollis. Furthermore, the wood 
containing the K. minor colonies usually showed little 
structural injury from fungous attack, while that en¬ 
closing the R. Hesperus and the Z. angusticollis bur¬ 
rows usually showed decay. This is undoubtedly due 
to the fact that the wood containing the colonies of 
K. minor was drier and, therefore, less favorable to 
the growth of wood-destroying fungi. 

Penicillium and Trichoderma were the genera of 
fungi most frequently isolated from the colonies of 
each of the three species of termites. There was no 
evidence of any specific relation between any fungus 
and a given species of termite. 

Termites were placed upon pure cultures of a 
fungus, and were found capable of transporting large 
numbers of fungous spores and hypbae on their legs 
and bodies. Subsequent dissection revealed many 
entire and fragmented spores and a few fragments 
of hyphae of the fungus in the gut of the termites. 

Fungi were more abundant on the inner surface of 
termite galleries than in the wood below the surface 
of gallery walls, only four cultures out of fifteen 
taken from wood 1 to 10 mm from the galleries of a 
colony of K. minor being positive as compared to 
sixteen positive cultures out of seventeen taken from 
the surface of gallery walls. 

Twelve cultures made from the heartwood of a 
pole uninfested by termites were all negative. Seven¬ 
teen out of twenty-seven made from the sapwood 
were also negative. In a termite-infested pole, of 
the same kind of wood and having a similar history 
of use, fourteen cultures taken at intervals through¬ 
out the diameter of the pole from wood adjacent to 
termite galleries were all positive. The same two 
fungi which were isolated from the wood near the 
exterior of the first pole were common throughout 
the diameter of the second pole in and near the 
termite galleries. Nine other fungi were also 
present in the termite-infested polo. 

It seems evident, then, that termites may introduce 
fungi which were not previously present in the wood 
and that they may aid in the spread through the 
wood of these and of those already present. 

The results of this investigation indicate that oon-^ 
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ditions in the barrows of K, minor, R. hespemts and 
Z. angusticolUa are favorable to the growth of fungi 
and that fungi are present in the walls of the bur¬ 
rows and in the fecal pellets. Termites enlarge their 
burrows; they eat their fecal pellets- Fungi would 
seem, then, to be a common element in the diet of the 
termites. Further investigation, however, will be 
necessary to determine the significance of fungi as 
food for termites. Fungi may cause chemical changes 
in wood. Hence, the question whether their presence 
may render wood more available or more attractive 
to the termites also becomes a problem of interest 

A more detailed account of this investigation will 
appear later. • 

Esther C. Hendee 

Zoological Laboratort 
University or California 

ANTIPROTHROMBIN AND GLbBULlNS 

In a recent note^ A. Fischer called attention to his 
work on the effect of the addition of heparin upon 
precipiUtion of proteins, especially of blood proteins, 
in an acetate-acetic acid solution at pH 5.0. With 
small additions of heparin there is an increased pre¬ 
cipitation of casein, blood serum protein, or a precipi¬ 
tation of serum albumin. With increased amounts of 
heparin, precipitation may be inhibited or the precipi¬ 
tate dissolved. The addition of heparin to dialyzed 
serum albumin gives a flocculation at pH 5.0. These 
conclusions are similar to those previously published 
by Fischer in the Biochemiache Zeitachrift.^ Fischer 
concludes from his experiment that euglobulin is 
formed from serum albumin and suggests that euglob- 
ulin is formed in the liver through the combination 
of scrum albumin with heparin. 

We were interested in these findings of Fischer in 
connection with the blood of new-born animals. The 
serum or plasma of such animals does not contain 
euglobulin according to the ordinary methods of de¬ 
tecting it, and in some animals practically no pseudo- 
globulin I (if one wishes to recognize two pseudoglob¬ 
ulins). If euglobulin is formed by combination of 
heparin with albumin, it seemed possible that the 
failure to find euglobulin might in some way be con¬ 
nected with the concentration of heparin in the new¬ 
born blood. Furthermore, if euglobulin is formed by 
a combination of heparin with albumin, such a senim 
offers an excellent opportunity to test the fact. It is 
better than a purified serum albumin, because changes 
in the character of the protein through the removal 
of euglobulin and the purification of the albumin 
likely to occur in any purification process would be 
reduced to a minimum. The only change involved is 
the clotting of the fibrinogen. 

iifloXBNCX, 75: 448, 1982. * 

Flsoher, Biocham, Z., 244: 464-485, 1982. 


Heparin preparations, both purified and crude, were 
presented to us by Hynson, Westcott and Dunning. 
The addition of heparin to new-born serum or to adult 
serum with an acetate buffer mixture according to the 
procedure of Fischer confirmed his results with regard 
to precipitation at pll 5.0, i.e,, a turbidity developed 
with the new-born serum where no precipitate had 
formed without heparin and a turbidity appeared with 
adult serum greater than that obtained without 
heparin. Furthermore, the pH for ifiaximum precipi¬ 
tation was found to be different for the cow and 
horse. Additional amounts of heparin after the 
maximum turbidity was reached resulted in a de¬ 
creased turbidity. However, the addition of a neutral 
salt or mixture of salts which precipitate euglobulin, 
such as 1.00 volume-molar sodium sulfate solution or 
of 1.425 volume-molar solution of potassium phos¬ 
phate at approximately pH 7^ to untreated new-born 
serum and to new-born serum to which heparin hod 
been added failed to give a precipitation. The con¬ 
centration of heparin used was that which gave the 
maximum turbidity at pH 5.0. Furthermore, the 
addition of 1.50 volume-molar sodium sulfate solution 
or of 2.025 volume-molar potassium phosphate at 
approximately pH 7, which precipitate both euglob¬ 
ulin and pseudoglobulin, gave equal precipitations 
with new-born serum in the presence or absence of 
heparin. 

After these observations were completed a communi¬ 
cation by Fischer and Schmitz* appeared in which 
they indicate that ammonium sulfate turbidity curves 
are not affected by heparin. These authors also state 
that the addition of herparin to serum and plasma 
from the same animal causes a difference in the dis¬ 
tribution of albumin and globulin of plasma such that 
the albumin fraction of the plasma is decreased, while 
the globulin fraction is increased as compared to the 
corresponding fraction from serum. We have frac- 
tioned the new-born serum and plasma from the same 
animal, with and without the addition of heparin, at 
0.75 molar and at 1.50 molar sodium sulfate. These 
concentrations are held to precipitate fibrinogen and 
total globulin, respectively, at dilutions of 1; 30. (No 
precipitate was obtained in the serum with 1.00 molar 
.sodium sulfate, indicating an absence of euglobulin 
and fibrinogen.) Heparin was added in the concen¬ 
tration which gave the maximum turbidity at pH 6.0, 
in turbidity measurements such as Fischer has used, 
i.e., 0.5 CO of a 1 per cent, solution of heparin was 
added to 0.6 co of serum for each detennination. No 
differences were obtained in the quantity of protein 
precipitated in serum or plasma in any concentration 
of salt. 

» Paul E. Howe, PhyaioL Bav,, 6: 439-476, 1925. 

< A. Fischer and A. Schmitz, Naturmsaenachaften, 20; 
471-2, 1932. 




These results, while confirming Fischer's observa¬ 
tions that heparin produces a combination in serum 
that is precipitated at approximately pH 5.0, does not 
substantiate his tentative conclusion that this combi¬ 
nation is cuglobulin or pseudoglobulin. Fischer^s 
proofs of euglobulin have chiefly concerned pro¬ 
cedures which depend upon precipitation at the iso¬ 
electric point; a sodium acetate buffer mixture, COj, 
dialysis. Precipitation near its isoelectric point is 
a characteristic of euglobulin; on the other hand, 
euglobulin, as it is ordinarily recognized, may be 
salted out with neutral salts. If the heparin-protein 
complex of new-born serum is euglobulin, it should 
have been precipitated at 1.00 molar sodium sulfate, 
or if only a partial combination the salting out might 
possibly have appeared at 1.50 volume-n.oJar sodium 
sulfate. We realize that salting out is not an entire 
proof of a globulin. Salting out does, however, com¬ 
prise one of the procedures used in differentiating and 
preparing euglobulin. Fischer's suggestion is exceed¬ 
ingly interesting, but its verification requires more evi¬ 
dence than isoelectric precipitation. It seems to us 
that this phenomenon observed by Fischer can be ex¬ 
plained without assuming the actual formation of 
globulin. 

Imogene P, Eahle 
Paul E. Howe 

Buoeau or Animal Industev 
U. S. Department op Agriculture 

THE RELATION OF THE HYPOPHYSIS TO 
EXPERIMENTAL DIABETES 

It has been known since 1889 that removal of the 
pancreas leads to an increase in the blood sugar and 
appearance of sugar in the urine. Insulin, prepared 
from the pancreas, is effective in controlling the 
metabolism of sugar but, does not cure the condition. 
Recently Iloussay reported that extirpation of the 
hypophysis prior to removal of the pancreas was 
effective in preventing severe diabetes. It appears 
that we have confirmed this work. Two dogs did not 
survive long after the second operation, but in them 
the typical hyperglycemia did not develop. A third 
animal has survived over three weeks, during which 


time he has remained in good health. The toleraaee. 
for glucose is normal and the fasting blood Bug^ is 
within the normal range. No spontaneous glyooauria 
has occurred. 

The animal shows certain symptoms which indicate 
complete removal of the hypophysis. Autopsy will 
show whether or not the hypophysectomy was com¬ 
plete and if there is accessory pancreatic tissue. This 
work is being continued at the University of Chicago. 

J. F. Reqan 
B. 0. Barnes 

PIITSIOLOGICAL LABORATORY 
University or Chicago 

CANCER RESEARCH 

In the January, 1933, number of The American 
Journal of Cancer is an editorial on cancer research. 
In this the editor states that the pnmo needs of cancer 
research are first, brains; second, time; and third, 
money, 

1 should like to point out the obvious fallacy of 
any generalization of this type, even though it be 
made by one who for years has been connected with 
an institution utilizing each of the three components 
mentioned. In a field as complex as that of cancer 
research one institution may need primarily brains, 
another time for investigation and a third money. 
Furthermore, the primary need of any one institution 
engaged in cancer research may change from month 
to month or from year to year. It is also obviously 
true that no one component alone will result in 
progress. Brains without time or money result 
merely in theories. Time alone is obviously sterile. 
Money without brains or time is a material and im¬ 
personal factor. If each scientific man would avoid 
the field of generalization about the work of all othem 
and would apply himself to his own problems in the 
way that be believes best, utilizing, in the proportions 
which he is able to find them and is able to develop 
them, the three elements of brains, time and money,' 
more progress wiU result. ^ ^ 

BoscDx B. Jackson Memorial 

liABORATORT 

Bar Harbor, Maine 


REPORTS 


APPROPRIATIONS FOR GRANTS IN AID BY 
THE NATIONAL RESEARCH COUNCIL 

The National Research Council wishes to announce 
that the research aid fund of which it has had charge 
for the past three years is to be continued during the 
present calendar year, 1933. The fund is adminis¬ 
tered by a special committee on grants in aid of 
research, which is composed of tlie chairman and 


treasurer of the council and of the chairmen of the 
councirs seven divisions of science and technology.' 
This committee will be ready to consider requests for 
grants of moderate amoant from this fund for the 
support of the individual research work of qualified 
investigators in the fields of the natural seienoeei who 
are dtisens of the United States or of Canada. ^ 
Bequesft for grants trom this fund will be 
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upon by the oomzaittee at two meetings during the 
year, in May and in December. It is requested that 
applications for grants to be considered at the meet- 
ing in May be filed with the council before March 15 
and that applications to bo considered at the Decern^ 
her meeting of the committee be forwarded to reach 
the council before October 15, 1933. 

The council has adopted the following policy for 
the administration of this research aid fund: 

(1) Grants will be made in order to cover such ex- 
ponaes as the following; apparatus, materials and sup¬ 
plies, technical assistance, and Held expenses. 

(2) In general, grants will not be given for personal 
salaries or fellowship stipends, for expenses of publica¬ 
tion, fnr the purchase of books, for travel to attend 
scientific meetings, or for research work of students 
under instruction. 

(S) Preference will ordinarily be given to the sup¬ 
port of investigations—(a) in which tlio problem and 
methods to be used are clearly stated, and In which 
definite results can be expected with the aid of the grant; 
(b) toward which the university or other institution to 
which the applicant is attached also contributes finan¬ 
cially or through special support; (c) for which a grant 
of not moro than $1,000 is requested. 

(4) A report of progress should be made by the 
grantee to the Secretary of Uie Committee within n 
year after beginning the use of the grant. 

(5) Periodical reports of expenditures from grants 
are expected, ordinarily, at the close of each quarter. 

(6) The title to property purchased from grants will 
remain with the National Research Council until ultimate 
disposition of the property is made by the Council. 

Correapoudence in regard to applications for grants 
ahould be addressed to the Secretary, Committee on 
Grants in Aid, National Research Council, 2101 Con- 
atitution Avenue, Washington, D. C. 

At its meeting in December, 1932, the committee on 
grants in aid made thirty-four grants for the support 
of individual research, as follows: 

George E. Davis, Department of Physics, Iowa State 
College, development of improved methods of determin¬ 
ing absorption spectra; Jacob Kune, lirofessox of theo¬ 
retical physics, and J. T. Tykoelner, research professor 
of electrical engineering, University of UUnoia, determi¬ 
nation of the magnetic moment of hydrogen; P. A. Boss, 
professor of,physios, Stanford University, x-ray analysis 
and the Compton effect. 

Charles B. Breed, professor of railway and highway 
transportation, Massachusetts Institute of Technology, 
east of highway transportation; Wilber B. Harvey, as- 
"Jdstant professor of metallurgical engineering, Lehigh 
, University, combined effects of corrosion and fatigne 
welds; CX S'* Hirshfeld, chief, research department, 



Dlederichs, professor of experimental engineering, Cornell 
University, determination of the temperature of the metal 
of a tube wall separating bodies of. stoam and water. 

n. K, Benson, professor of chemical engineering, Uni¬ 
versity of Washington, biochemical decomposition of 
sulfite waste; Cecil E. Boord, professor of organic chem¬ 
istry, Ohio State University, synthesis of olefines; George 
A. Hutett, professor of physical chemistry, Princeton 
University, electrical conductivity of pure water; Wesley 
G. Leighton, assistant professor of chemistry, Pomona 
College, activation of surface phenom2fna in quartz by 
ultra-violet light; A. L. Robinson, assistant professor of 
chemistry, University of Pittsburgh, thermochemistry of 
dilute solutions; O. F. Stafford, professor of chemistry. 
University of Oregon, concentration of the H" isotop* 
of hydrogen by the electrolysis of water. 

Paul H. Dunn, fellow in geology, University of Chi- 
(•ago, correlation of Silurian strata in the Missisaippi 
Basin; Ross L. Heaton, consulting geologist, Denver, 
Colorado, stratigraphy of the central and Houthern liocky 
Mountain region. 

Reginald D. Manwell, assistant professor of zoology, 
tSyracuse University, effect of atebrine and rauwolfine 
on avian malaria; Eric Ponder, professor of general 
physiology, New York University, effects of intravascular 
lysina on red blood colls; Bret Ratner, clinical professor 
of pediatrics and lecturer on immunology, New York 
University and Bollcvne Medical College, proteins i*nd 
ammo acids of milk; B. T. Simms, professor of veteri¬ 
nary medicine, Oregon State Agricultural College, salmon 
poisoning in dogs; Carl C. Speidel, professor of anatomy, 
University of Virginia, fundamental activities of nerves 
in the living animal; Maurice B. Visscher, professor of 
physiology, College of Medicine, University of TlHnois, 
mechanical efficiency of heart muscle; Herbert U. Wil¬ 
liams, professor of pathology, University of Buffalo 
School of Medicine, evidence of syphilis in mummified 
bodies from Peru. 

William A. Cannon, lecturer in botany, Stanford Uni¬ 
versity, derivation of oxygen by the roots of land plants; 
Henry J. Fry, professor of biology, New York Univer¬ 
sity, mitosis in Chaeioptenis; Erast Gellhorn, professor 
of physiology, College of Medicine, University of Illi¬ 
nois, influence of metabolites and internal secretions on 
fatigue; Madeleine P. Grant, assistant professor of zool¬ 
ogy, Smith College, thyroid secretion in amphibians and 
mammals; E. Raymond Hall, assistant professor of ver¬ 
tebrate zoology and curator of mammals, University of 
California, monographic study of the American weasels; 
Hans Jenny, assistant professor of soils, University of 
Missouri, ionic exchange of p'otassium on soil colloids; 
Harold Kirby, Jr., associate professor of zoology, Uni¬ 
versity of California, flagellates in termites; C. R, Orton, 
professor of plant pathology, West Virginia University, 
natural dissociation of Ftisaria in the soli. 

0. W. Brown, professor of psychology, University of 
California, central nervous mechanism of emotional re¬ 
sponse; Clarence H. Graham, assistant professor of psy¬ 
chology, dark University, analysis of visual response by 
means of an electrical recording method; Harry F. Har¬ 
low, assistant professor of psychology, University of Wis- 
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cousin, effect of complete striate muscle paralysis upon 
learning and thinking; Truman Hichelson, ethnologist, 
Bureau of American Ethnology, Smithsonian Institution, 
study of special data upon the ethnology of the Fox 
and Ojibwa Indians; William 8. Webb, professor of 


anthropology and archeology, University of Kentucky, 
archeological survey of Kentucky, 

W. H. Howell, 
Chairman, National Research 
Council 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A METHOD OF OUTLINING CUTANEOUS 
NERVE AREAS 

Ik 1928 we discovered that the cutaneous area sup¬ 
plied by a nerve may be rendered insensible to light 
touch by subjecting the nerve trunk to the influence 
of an alternating current; the area may be outlined 
by the procedure employed in cases of peripheral 
nerve lesions. Though we have not explored the 
literature to its depths, our efforts in this direction 
have failed to reveal a previous record of such a 
finding. 

This indicated a new experimental approach to 
some of the problems of cutaneous innervation and 
sensation; such work has been pursued in this labora¬ 
tory since 1928, and preliminary reports have ap¬ 
peared.^ We did not intend to publish the technique 
apart from the results, but requests for an account 
of the method indicate that a brief note would place 
it at the service of others who might find it useful. 
We shall describe the apparatus used by us, suggest¬ 
ing some desirable modifications; others will occur to 
those who use the method. 

The current from the 110 volt D. C. main was 
converted into an alternating current by a small 



Fig. 1. Bimplified diagram of Alexanderaon alterna¬ 
tor, with driving circuit (above), input circuit (left), 
and output or stimulating circuit (below). 

11. M. Thompson, V. T. Inman and B. Brownfield, 
Anat. £eo,, 45: 245, 1980; L M. Thompson and A. Bv- 
ron, ihtd., 48: 35 (SuppL), 1931; L M. Thompson, Jour^ 
Anat., 66: U8, 1931. 


Alexanderson alternator (Fig. 1); because of its noise 
this should be in another room than that wherein 
the observations are being made. The alternator may 
bo driven by A. C. or by D. C.; Fig. 1 shows the latter 
arrangement. Tlie frequency was controlled by a 
variable resistance in the circuit driving the alter¬ 
nator; it was estimated from the number of teeth and 
the r, p. m. of the alternator, this being ascertained 
by a Starrett speed indicator. The current strength 
was controlled by a system of variable resistances in 
the primary or input circuit (Fig. 1); our method of 
measuring it was unsatisfactory and need not be 
described; that this is unimportant is indicated below. 

We have applied the method systematically only to 
the nerves of the forearm and hand, to which the fol¬ 
lowing account refers. Each nerve to be investigated 
was subjected to unipolar stimulation through the 
intact skin. We used metallic electrodes, padded with 
gaiize soaked in a saturated solution of NaCl; subse¬ 
quently we have found a 4 per cent, solution equally 
satisfactory. The large inactive electrode was applied 
to the opposite arm. The stimulating electrode 
(diameter about 1 cm) being placed on the skin over 
an appropriate part of the nerve trunk, somewhat as 
indicated by Hughson,^ the current was gradually 
turned on by withdrawing resistance from the input 
circuit. With practice the nerve was soon ^^pioked 
up”; this was evidenced by the sensation of flutter 
projected into its cutaneous area, as described by 
Hughson.* As the current was increased, testing 
with a von Frey hair revealed that at a certain level 
of current strength tactile sensibility disappeared in 
the area supplied by the nerve under stimulation, 
though remaining unaltered elsewhere; to this loss of 
sensation we apply the provisional term “masking” in 
preference to anesthesia. Manipulation of the elec¬ 
trode and of the current extended the masked area 
to a limit beyond which no further manipulation could 
extend it; it was then outlined on the skin as in the 
case of a peripheral nerve lesion, every precaution 
being taken to ensure that the subject received only 
tactile stimuli. 

Fig. 1 shows no apparatus tor measuring the fre¬ 
quency and strength of the current, that being un- 
necessary if one is merely outlining nerve areas: it is 
sufl^oient to manipulate the current (and the elec¬ 
trode) until the area is masked. If be so deeire^ Uw 

sw. Hoghsoa, AnaU Seo,, 83: 371, 1988: Map- 

ms Sopp. BiAU, 83: 888, i;; 
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investigator may introduce suitable meters, etc., at 
appropriate places in the output or stimulating cir¬ 
cuit. As a result of further work, we recommend a 
larger generator than that described above, yielding 
stronger currents at low frequencies. For the sub¬ 
sequent development of this field of investigation such 
a generator has been designed and installed in this 
laboratory, and will be described later; using it, satis¬ 
factory masking occurs with currents of about 100 to 
300 cycles per second, 6 to 10 volts and 0.5 to 3 milli- 
amperes. All our work on nerve areas, however, was 
done with the small alternator. Possibly currents 
generated otherwise may yield similar results. 

The space available here precludes reference to the 
difficulties inherent in such a procedure; these will 
be discussed in a more detailed publication. The 
method is not easy, and demands practice and 
patience on the part of observer and subject alike. 
We have encountered one or two subjects who, for 
some obscure reason, possibly physiological or psycho¬ 
logical, were unsatisfactory for such work, wherein 
the importance of reliable subjective responses is 
obvious. Outlining the same area on the same sub¬ 
ject on different occasions has yielded reasonably 
consistent results. 

The nature of the results is indicated in Fig. 2 



Fio. 2. A sketch of the dorsal aspect of the right fore¬ 
arm and hand of an adult male, showing the cutaneous 
areas supplied by various nerves; these are not labelled, 
for anatomists will recognize them. In this individual 
the median nerve supplied the entire dorsal aspect of the 
index and middle fingers. The extent of the overlaps is 
easily seen. In this person certain small areas on the 
back of the wrist were supplied by three cutaneous 
nerves: for example, that in the middle is seen to be sup- 
plied by the dorsal cutaneous nerve of the forearm, the 
radial and the ulnar. 

So far as we know, ours are the first pictures of 
the complete innervation, including overlap areas, of 
any region of the body in single individuals. We 
have succeeded in estimating the size of these areas 
afid in studying their variations; preliminary results 
have been presented by Thompson, Inman and Brown¬ 
field, and by Thompson^; a detailed analysis is being 
prepared. 

I. Maolabbn Thompsok 
Vbrnb T. Inman 
UNtVERSPTT or Cautobnia 
Mxdioal Somool 
DmsiON or Anatout 
^ . ' imaoMT, CAuroBKu. 


CELLOPHANE ROLL FILMS AND THE FIX¬ 
ING OF CARBON PAPER TYPING 
ON CELLOPHANEi 

The wide-spread interest in the use of cellophane 
for slide lanterns’* seems to justify reference to the 
paper presented by the authors® before the Division 
of Chemical Education of the American Chemical 
Society, at Denver, Colorado, on August 24, 1932. 

A cellophane roll film earner was desenbed for us¬ 
ing the cellophane in rolls instead of slides. The device 
is fitted into any ordinary slide lantern with no 
modification of the lantern necessary. Any one inter¬ 
ested in this device will find a scale drawing for one 
form of it given in the Journal of Chemical Educa- 
tion.^ The cellophane roll film carrier will hold over 
33 feet of 0.001 inch thick cellophane. This is 
equivalent to about 120 slides, yet forms a roll lcs& 
than % inch in diameter, and weighs less than one 
glass slide. The article also gives a description of 
methods of preparing the films, including colored pen 
work; also uses of such films, and methods of fixing 
carbon paper typing. 

Typing on cellophane slides and films is done with 
carbon paper. Every one seems to have had trouble 
witli smearing of such typing, but we have worked 
out a simple method which is so satisfactory that a 
roll film has been used over 400 times and still shows 
no evidence of smearing. A brief description of it 
may be of interest to readers of Science. 

The proledure consists of passing the typed film 
through a suitable liquid and carefully blotting it 
between unglazed paper while it is still moist, care 
being taken that the blotting paper does not shde 
over the wet surface. The paper removes most of 
the liquid and tlie excess ink. The film is then placed 
between dry paper and pressed for several minutes 
to complete the fixing. 

Of fifty chemicals tried, organic liquids for tlie most 
jiart, the most satisfactory for the purpose are: amyl 
acetate, ethyl acetate, methyl acetate, acetaldehyde, 
benzyl alcohol, iso-amyl alcohol, ethylene glycol mono¬ 
ethyl ether (“cellosolve”) and a mixture of 75 per 
cent, di-ethyl ether and 25 per cent, ethyl alcohol. 

Other liquids fairly satisfactory are: iso-butyl 
alcohol, iso-propyl alcohol, methyl-ethyl ketone, 
acetone, ethylene cliloride, ^thylene bromide, benzyl 

I Ctontribution No. 89 of the Division of Industrial 
SciqnceB of West Virginia University. 

2^'Lantern Slides from Cellophane," John L. Wilson, 
Jotw. Chem. Educ,, 8: 2212 (November, 1931); "A New 
Use for Cellophane," K. L. Warren, Soiknoe, 76: 573, 
(December 16, 1932) ; "Cellophane for Slide Lanterns," 
B. H. Walden, Science, 77: 91 (January 20, 1933): 
"The Bodio-Mat," F. L. Wells, ibid, 

®Cellophane Boll Films for Slide Lanterne" was 
sent to the JoimtoZ of Chemical Sducati(m on July 20, 
1932, and appears in a somewhat abbreviated form in 
Jour, Chem, Eduo,, 10: 92-94 (February, 1933). Since 
August numerous brief references to the paper have 
appeared in the daily press and periodicals. 
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chloride, nitrobenzene, di-ethyl aniline, pyridine, and 
carbon tetrachloride. 

Results are much better when the chemicals of the 
first list are used. 


Chemistry Department 
West Virginia University 
Morgantown, W. Va. 


Ross Bonau 
P’'T iOVD Bonau 
PUrl C. H. Davies 


SILK CELLOPHANE FOR LANTERN SLIDES 

Recektj;Y Wanvn,^ Walden,^ and AVells"^ buj;^a‘sted 
llic use of plnin ccllopliano as a recipient of carbon 


in projection lantern slides. As a further 
special du Pont Number 300 white silk cellophane 
takes ink directly from the typewriter ribbon with¬ 
out smudging and, after momentary drying, the record 
is permanent. If the original impressions are gpne 
over for the second typing, legibility is enhanced. 
The cost of this special silk cellophane is less than 
one cent per slide. 

Fredrick P\ Yonkman 

Honooii or Medicine 
Boston University 


SPECIAL ARTICLES 


THE RELATIONSHIP OF BACTERIUM 
GRANULOSIS TO TRACHOMA 

The question of the relationship of Bacterium 
granuloms to the etiology of trachoma has been dis¬ 
cussed in a recent publication.^ As stated in that 
article the organism of Noguchi **ments consideration 
as the etiological factor’’ in the disease. Tins view 
was expressed in spite of the accumulation of negative 
evidence of many workers, including the writer, and 
the doubts wliicli have been expressed by some who 
have been the most sanguine in their expectation of 
the solution of the trachoma problem following the 
isolation of this organism with which a transmissible 
granular condition may be produced in monkeys. 
Such doubts are based on the failure of many inves¬ 
tigators to isolate the organism from trachoma in dif¬ 
ferent parts of the world and the considerable number 
of negative results which have been obtained in 
attempting to produce trachoma by inoculation of 
human subjects with the organism, 

I reported that the granular condition originally 
induced with difficulty in Macacm rhesus monkeys by 
inoculation with cultures of Bact. granulosis was very 
readily transmissible and that transmission could be 
accomplished by merely rubbing a sterile swab over 
the afEccted conjunctiva and then rubbing it over the 
conjunctiva of a normal animal, thus demonstrating 
the fact that it is not necessary to excise tissue and 
to inject this subconjunctivully. In other words, as 
described by one worker, the granular condition may 
be described as one which is “highly infectious,” 

The question arose: “Is human trachoma as readily 
transmissible?” There are a number of clinicians who, 
after long experience with trachoma, still question the 
ready communicability of the disease. On the other 

1 K. b. Warron, Science, 76: 673, December 16, 1932. 

2 B. II. Walden, SciENOE, 77: 91, January 20, 1033. 

8p. L. Wells, Science, 77: 91, January 20, 1933. 

1 Ida A. Bongtson, Pub, Health Rep,, 47: 1914, Septem¬ 
ber 19, 1932. 


hand, Taborisky- inoculated the conjunctiva of 5 blind 
subjects wdth the conjunctival secretion of trachoma 
cases and all acquired the disease. 

In order to obtain a comparison between the 
granular condition induced in monkeys by inoculation 
with cultures of Bact, granulosis and that induced by 
direct transfer of secretions from trachoma cases, a 
series of monkeys was started in the early part of 
1932 in which granular lesions wore produced by re¬ 
peated swabbing of secretions from trachoma coses 
in RoUa, Missouri. A number of attempts had pre¬ 
viously been made to accomplish this without success. 
A granular condition which developed slowly was 
obtained in 2 monkeys and from one of these was 
transmitted to another monkey by repeated swabbing. 
As reported recently® two parallel series of monkeys 
(8 in each series) were then considered, one in which 
attempts were made to transmit the granular condition 
originally induced by inoculation with cultures of 
Bact, grantdosia and the other in which attempts were 
made to transmit the granular condition originally in¬ 
duced by transfer from trachoma cases. Four 
monkeys in each series had been previously inoculate^ 
with a vaccine of Bact, grantdosia with the idea that 
the test might show whether there were immunological 
differences in the two conditions. In the “culture'* 
series 5 of the 8 animals developed the granular con¬ 
dition after one swabbing from an infected monkey, 
and one after two swabbings, and one died. In all 
these the granular condition occurred spontaneously 
in the uninoculated eye. In the “direct transfer” 
series all the monkeys were swabbed 3 times (on con¬ 
secutive days) and one of the 8 developed a' granulaSr 
condition in both eyes, 6 remained unaffected and one 
died. Of the 6 unaffected, 5 have since been swabbed 
frop infected monkeys, one a single time, one 2 

«J. Taborisky, QraefeU Arch, f. Ophih,, 123: 140, 
1930. 

s Ida A. BengUon, Pub,.Health Sep,, 47: 2281, DeSem^ ' 
ber 9, 1982. M 
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tunes and three 3 times (on oonsecutivo days). In 
4 ot these lesions have developed gradaally and in one 
of these the uninooulated eye has become affected. In 
neither series was protection afforded by the vaccine, 
since more were affected in the vaccinated than in the 
nnvaccinated §^aps. Regarding the gross appear¬ 
ance of the lesions there was no great difference. The 
condition was rather less active in the “direct trans- 
fer^' series than in the “culture” series. The results 
obtained indicate that the condition induced by direct 
transfer from trachoma in Missouri was less easily 
transmissible than that induced by inoculation of cul¬ 
tures of Bad. granulosis. Quoting from the report 
“Whether this difference is significant and whether it 
would constantly be true can not be said without 
further tests.” It may bo that as in other diseases 
certain strains of the organism concerned may be 
more virulent than others. 

The results reported by Olitaky, Syverton and Tyler 
in SciEKCE, for January 6, 1933/ lend support to the 
view that Bact. granulosis is concerned in the etiology 
of trachoma. Of significance is the use of tarsectom- 
ized tissue in the experimental work carried out by 
these investigators. The chances for successful trans¬ 
mission of the condition to animals and for isolation 
of the organism concerned are without doubt greatly 
enhanced by the use of large amounts of material. 
The great amount of negative evidence in certain lo¬ 
calities as reported in the literature and in unpublished 
work concerning which information has been received 
by the writer, may possibly be explained on this basis. 
It is apparent that most workers have not used tar- 
seotomized tissue, which is difficult to obtain because 
many ophthalmologists consider the tarsectomy opera¬ 
tion as of questionable value for the cure of trachoma. 

Another phase of the problem is of interest. If 
the work of Olitsky and collaborators can be con¬ 
firmed in certain other parts of the world where only 
negative results have been reported, using the sort of 
material and the methods employed by them and it is 
definitely established that Bad. granulosia is the 
etiological factor in trachoma, then the isolation of an 
organism which is non-filtrable and which grows on 
the ordinary culture media, from a disease which is 
characterized by the presence of inclusion bodies, 
takes on a certain significance. A revision of the 
rather generally accepted view of the nature of the 
infective agent in at least some of the group of dis- 
eaises in which inclusion bodies occur (diseases usually 
classified as belonging in the “filtrable virus” group) 
would be nooessary. As I reported in 1928** in a 
etudy of inclusion bodies in over 200 cases of trachoma 


K. Olitsky, J. T. Syrertoh and J. E. Tjder, 
, 77; 24, Januaiy 6, 1933. 

4 Ida A. Pub. Eaalth Bep., 43; 2310, 1928; 

OjktA, 12: 637,1929. 


these bodies were present in nearly 50 per cent, of the 
cases. More recently, Tabozisky** has reported that 
observations during a period of 20 years justify the 
belief that there can be no trachoma without inclu¬ 
sion bodies at some period, if cases are followed from 
the beginning. As the result of the microscopical 
study 1 reported that the inclusion body in the early 
stages was composed of rod-shaped organisms. A 
photograph of a very unusual preparation is shown 
in this publication, in which the^ nucleus of an 
epithelial cell is surrounded by numerous rod-shaped 
organisms w^hich morphologically at least could very 
well be said to correspond with Bad, granulosis, 
though identification on this basis is obviously im¬ 
possible. The definite rod-shaped forms are seen 
very rarely. Usually the inclusion body appears as a 
more or Jess structureless mass, in which at a later 
stage very minute coccoid bodies staining reddish with 
Giemsa appear. Apparently the group of organisms 
forming the inclusion body is acted on by the living 
cytoplasm of the epithelial cell and transformed into 
tliese small bodies which are the “elementary bodies” 
of Halberstaedter and von Prowazek. These are 
visible when occurring in the cell, but it may be that 
they occur outside the cells also, in which case they 
are indistinguishable or very nearly so. The diffioolty 
of cultivating such forms can be readily understood. 
As stated in an article now in press, these “elementary 
bodies” are probably for the most part non-cultivable 
and they ipay constitute the active infectious agent, 
the so-called “virus,” while the rod forms which ai*e 
cultivable occur only rarely. In a word the organism 
when developing in the tissues may occur in a different 
form than when growing on artificial culture media. 
The supposition offers an explanation of the dif¬ 
ficulty of cultivating the organism unless large 
amounts of material are used, in which the chances 
of encountering the definite rod forrrLS are increased. 

Ida a. Benqtson 

National Institute or Health 
U. 8. Fitblic Health Seevick 

THE ACTION-CURRENT AS MEASURE OF 
MUSCLE CONTRACTION 

It has been considered impossible to show a definite 
quantitative variation of the action-current with the 
contraction of human muscle. Upon contraction the 
oscillations of the oscillographio curve, which are 
always running even with resting muscle, coarsen and 
widen, but it is impossible to correlate changes of 
frequency or changes of amplitude with the degree of 
contraction, for the good reason that the oscillations 
during the contraction have no definite frequency and 
no definite amplitude; detailed study of the curve 

flJ. Taborlsky, Oraefc^s Arch, f, Ophth,, 124: 453, 
1930. 
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shows that the OBcillations are extremely irregular. A 
significant measure of the action-current during con¬ 
traction must be in terms of a summation of the 
current. 

The planimeter measure of the area generated by the 
oscillographic curve during the contraction-disturbance 
is possible; but the method is tedious and inaccurate. 
But the summation of the action-current disturbances 
by a ballistic galvanometer is convenient and accurate; 
the action-currents have only to be amplified without 
distortion, rectified and j^hotographically recorded. 

An adequate method of measuring the action-cur¬ 
rents from the muscle contraction is the less difficnlt 
part of the problem. There must also be some mea¬ 
sure of the force of the contracting muscle. The 
group of muscle fibers must be isolated so that the 
contraction has a definite beginning and end in time; 
and the force that they exert must be measured in 
terms of some simple physical result. Tf the contrac¬ 
tion is opposed by antagonistic muscles excess heat 
will be developed which it is impossible to measure. 

The type of movement known as “ballistic,” and 
familiar in many forms of skilled movement, like 
piano-playing and typing, can be made to fill these 
conditions. In the free (or “loose”) movement of a 
skilled pianist, the flexor group actuates the forearm 
by a sudden pulse which has a uniform duration of 
about 45 sig.; it is quite unopposed by the extensors 
and sets the limb in motion with a very rapid accelera¬ 
tion, whereafter for three fourths of the stroke the 
limb swings free by momentum with a uniform veloc¬ 
ity which is easily measurable; under proper condi¬ 
tions the lengt;h of the stroke varies with the velocity. 
It is easy to check such movements from the kymo¬ 
graph tracing; during the momentum phase the trac¬ 
ing is a right line which can easily be tested with a 
straight-edge; in a series of such strokes the ratio of 
the velocity to the length of stroke is fixed if they 
are ballistic. A skilled pianist can make such free 
and ballistic movements eight out of ten times. 

Since the mass of the moving limb is constant and 
the path of the excursion can be made constant, the 
velocity {)f the ballistic movements becomes a measure 
of the varying force of the contractions. For the 
success of the study we found the choice of skilled 
pianists as subjects a vital point. The upper-arm 
was fixated so that the elbow joint was maintained in 
the same position to make the path of the excursiem 
constant. The forearm was carefully supported so 
that a free, horizontal movement could be repeated 
without any influence of gravity, and the movements 
were recorded on a kymograph. 

Electrodes of Ag or Zn shaped to fit the surface, 
wrapped in muslin wet with NaCl solution, were 
bound firmly with adhesive tape to the arm over the 


respective muscles. Under these conditions a series 
of movements were recorded and the corresponding 
contractions were registered from the ballistic galva¬ 
nometer. 

An actual series of strokes gave the ratios of excur¬ 
sion to velocity: .28, .26, .31, .31, ,23, ,24, .31, .28, ,35, 
.26, .32, It is apparent that the fifth, sixth and tenth 
strokes are not free; and a check of the kymograph 
tracing with straight-edge confirms this. If the sum- 
mated action-currents vary with the velocity, the ratio 
of velocity to action current should be fixed; the actual 
values in this case were: 1.0, 1.2, 1.1, 1,2, 1,7, 2,0, 1.4, 
1.2, 0,9, 1.1, 1.1. With the exception of the tense 
strokes, fifth, sixth, tenth, the values vary within 10 
per cent., which is significant in physiological mea¬ 
surement. 

When movements of this type occur against a fixed 
external tension, it was found possible to fit the re¬ 
sults to an equation in which a constant (a) multi¬ 
plied by the excursion plus a constant (b) is equal 
to the action-current (a Exc. + b = Ac, cur.). This in¬ 
dicates that a constant number of fibers is employed 
in overcoming the fixed resistance. 

If a to-and-fro movement of this form is repeated 
in series in which both the beat-stroke and back-stroke 
are ballistic, the results are much more precise. A 
series of 25 movements with 3-incb excursion, a series 
of 25 with 5-inoh excursion and a series of 25 with 
7-inch excursion, all over the same path and at the 
same rate per sec., were recorded on the kymograph. 

In such series all the force exerted by the contraction 
of the flexor group of fibers and of the extensor group 
of fibers appears in the momentum of the to-and-fro 
movements; and the momentum varies directly with 
the length of excursion. 

Parallel records were made by a ballistic galva¬ 
nometer of the summated action-currents of the flexors 
and by a second ballistic galvanometer of the sum- 
mated action-currents of the extensors. The sum of 
the summated flexor- and extensor-action-currents 
should be proportional to the length of excursion of 
the respective scries of movements (which is an indi¬ 
cator of the force exerted). Thus in an actual case, 
the readings show a series of 2-in. excursion with a 
ratio to the sum of the action-currents of .86, and a 
series of 6-in. with a ratio of .86, and a series of 7-in. 
with a ratio of .83. When repeated in reverse order, 
the series give ratios: .83, .86, .85. 

It is easy to make an ocular demonstration of this 
quantitative relation between action-current and 
muscle contraction by sending the amplified, rectified 
action-currents from rapid to-and-fro movements 
thrbugh a milliameter or a level indicator; the oscillate 
ing pointer will indicate a middle point for the serisa 
of contractions from a aeries of horisontiil baUistlo ’ 
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movements. The one important thing is to have a 
skilled pianist as subjeet capable of making the free 
ballistic movements. If the rate per sec. of the move¬ 
ments, as well as the path, is fixed, it is easy to see 
the shift of this middle point of oscillation of the 
indicator pointer with each change in length of excur¬ 
sion of the movement series, and approximate readings 
may be made to show the proportionality. 

If the subject increases the rate per sec. of such a 
series of ballistic movements, the readings of the level 
indicator show some interesting relations. As the sub¬ 
ject approaches his maximum rate, the amount of 
action-current indicated reaches a maximum; appar¬ 
ently the muscles are exerting their maximum force; 
from that stage on the increase in rate per sec. re¬ 
duces the excursion proportionally. The maximuin 
rate per sec. is achieved with the minimum excursion; 
in the final stage the excursion is very slight and the 
coordination la irregular and a “forced tremor” super¬ 
venes. 

It is evident that there is a maximum number of 


ings lit the all-or-none hypothesis for the contraction 
of human muscle fibers. ^ U s^ktson 

H. D. Bouman 

PSTOUOLOOICAli LabORATOAT 

Obeeujn Golubos 

CHEMICAL VERSUS MORPHOLOGICAL 
SPECIES DIFFERENCES 

The writer has had the opportunity to make 
analyses of the sap of plants of the^genus Valonia 
from many localities. Under current classification 
based upon morphology, these plants are referable to 
three or four different species. But, as has already 
been pointed out in the case of plants classed as 
JIalicystis ovalis (Lyng.) Areschoug, chemical dif¬ 
ferences contravene morphological characteristics.^ 
These chemical distinctions have since been utilized 
in segregating part of the genus Halicystis as a now 
species.* 

Table I shows the relevant data in the case of 
genus Valonia. The new analyses in this table were 
made by the following methods: Halide wa.s de- 
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Chemical Chaeacteeisticb and Environmental Bata for Various Reputed Species of Valonia 


Reputed 




Water 


Composition of sap 

Condition Authority 

Locality 

Habitat 

Depth 

tem¬ 





of (See 

species 

pera¬ 

tures* 

K 

Na 

a 

K/Na 


materials footnotes) 

Valonia I 

utricularis i 

f Naples 

On rocks 

m 

0 

'KJ. 

368 

20.4 

369 

(18.0) 

- - * 

1 11 
[ “ 

M (( 

n tt 

0 

0 

! 

201 

372 

152 

206 

418 

639 

1.91 

1.43 

- G 

Fair (March) 


r Naples 

On tunicates 

30 

12« 

465 

164 

657 

2.77 

Good (February) - 

V. macrophysa | 

I Dry Tortugas, 

1 Fla. 

On masonry 

0 

28° 

494 

97 

617 

5.10 

Good (June) « 


[ Bermuda 

r Makahaa, 
Tonga 

On coral rocks 

0 

25° 

517 

90 

597 

5.73 

- 7 

I 

Under rocks 

0.3 

25° 

497 

125 

619 

3.97 

Excellent (Sept.) - 

V. ventricosa ^ 

1 Main shore, 

1 Tonga 

Dry Tortugas, 

On sea weeds 

1.0 

25° 

545 

55 

620 

618 

9.92 

< < _ 

** (Juno) - 


■ Fla. 

Under rocks 

0.3 

28° 

662 

46 

12.23 


* Water temporaturea are only rough approximations, 
+ Mean of four controls. 

available fibers for a given movement and when that 
number is in action the increase of rate of the repeated 
movement depends on reducing the excursion so that 
the flexor and extensor groups of fibers can each take 
up the momentum in reversing the movement of the 
limb; at last the coordination breaks down, the move¬ 
ments are irregular and a forced tremor is the result. 

These results were obtained repeatedly with some 
four subjects. The maximum rate differs somewhat 
from subject to subject, but there are no essentia! 
4i£ffmne6B in the quantitative relations of aotion- 
and oontiaotion. It is obvious that the flnd- 


termined by titration with silver nitrate; it consists 
predominantly of chloride, K + Na was determined 
as total sulfate, K as chlorpletinate and Na by dif- 

1 S. C. Brooks, Proc. Soc. JSxp. BioL Med,, 27 : 409-12, 
19301.' 

s L. B. Blinks and A. H. Blinks, BuZl. Torrey Bot, Cluh, 
57; 889-96, 1930. 

* A. Meyer, Ber, Beutsehe Bot Gee., 9: 77-9, 1891. 

* S. Camlong and L. Oenevois, BtUl, Sta, Bict 
Arcachon,, 27: 309-21, 1930. 

B B;* PaatonelU, BtUl Orto Bot, B, Unw, Ifapoli, 6: 
1-87, 1918. 

«S. G. Brooks, Protoplastna, 8: 389-412, 1929, 

»W. V. Osterhout, Jour. Gen, Phyaiol, 5: 225-80, 
1922. 







ferenoe. Data as to habitat, depth, and water tem^ 
perature are ffennane, because of their possible 
physiological effects on different representatives of a 
single species. All plants were freshly gathered, and 
in good condition, except as noted. ^ 

The data relating to FaZonta ufncuZans show that in 
this species there is relatively little selective accumula¬ 
tion of potassium: this species stands at the bottom of 
the list in so far as selective permeability is concerned. 
Meyer** regards his data as probably inaccurate, and 
this is almost surely the case with regard to the value 
for Na. All three analyses refer to plants from the 
same vicinity, and some seasonal differences are to 
be expected, as Camlong and Genevois have shown in 
the case of other marine algae.^ 

Plants usually referred to F. macrophysa Kutz have 
been collected for analysis from three stations: 
Kaples, Bermuda and tha Dry Tortugas Keys of 
Florida. The plants from the Golfo di Pozzuoli near 
Naples, where they grow at a depth of alxuit 30 m, 
attached to tunicates, show less power of selective 
accumulation than do plants supposedly of the same 
Bpcciea, which grow attached to rocks in shallow water 
in Bermuda and Florida. The former grew at a 
temperature which at the time of collection (January) 
was not far from 12°, while the latter were flourish¬ 
ing at a water temperature of about 28°. Some 
suggestion of a morphological difference is apparent, 
although Professor W. R, Taylor has been unable 
after careful study to find any certain difference. Yet 
in Florida the ratio of K to Na is about 6, while 
near Naples it is about 2.76. Other collections at 
Naples sliowed some variation from this figure, but 
the ratio of K to Na did not in any case exceed 3.17. 
The Bermuda plants resemble the Florida plants in 
all respects. 

Are we here dealing with physiological variants, 
or with distinct vahd species? If the habitats of the 
two types could bo interchanged would their physico¬ 
chemical characteristics change too! 

The plants classed in the table as F. ventricom 
present a still more puzzling situation. The two 
samples from Tonga tentatively assigned to this 
species may very well in one of the two cases be F. 
forhesii J. G. Aghard. Morphological characters said 
to distinguish the two species are most unsatisfactory, 
and field identification was impossible. Professor W. 
A. Setchell has kindly examined specimens of the 
Makahaa collection, and tentatively assigns them to F. 
ventricosa. The habitat of the plants collected at 
Makahaa was like that of F. ventricosa in the Dry 
Tortugas of Florida: under coral rooks on sand in 
about one foot of water or less at low tide. The plants 
along the main shore reef of Tonga grew on ahd 
among other algae in considerably deeper water. Yet 


the sap of these latter plants was like that of Florida 
specimens of F. ventricosa^ while that of the former 
was much more like that of F, maerophysa KiRa 
from Florida and Bermuda. 

These facts load us to inquire whether pliysioo- 
ehemioal characteristics which are quantitatively well 
defined may not be valuable aids to the systematist. 
In some cases it is possible that environmental factors 
alone have produced the chemical differences noted. 
Yet it hardly seems likely that this is ordinarily the 
true explanation, any more than that it is the true 
explanation of morphological differences. Further 
study may well make chemical analysis an indispen¬ 
sable tool for the systematist. 

* My sincere thanks for their courteous generosity are 
due to the director and staff of the Stazione Zoologioa 
at Naples, where part of this work was done, and to 
Columbia University and the Woods Hole Marine 
Biological Laboratory for granting me the use of the 
table supported by them. Different pbascs of the 
work wore made possible by grants from the National 
Research Council, the Bache Fund of the National 
Academy of Sciences, which made it possible for 
Mrs. M. M. Brooks to collect samples for me at 
Tonga, and from the Board of Research of the Uni¬ 
versity of California. For all these I wish to express 
my thanks. 

S. C. Bbooks 

Depaxtmknt of Zoology 
TJniveesitt of Califoenia 
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THE SPONTANEOUS HEATING AND IGNITION OF HAY 
AND OTHER AGRICULTURAL PRODUCTS^ 


By Dr. C. A. BROWNE 

U. S. BURE Air OP CHEMISTRY AND BOILS 


The production of heat, as a manifestation of vital 
activities, was associated at first almost entirely with 
the processes of animal Ufa This is noft surprising 
when we consider the effect of the transpiration of 
large quantities of water from the immense leaf sur¬ 
faces of growing plants which tends to keep their tem¬ 
peratures below -that of the surrounding air. 

The original observation of Lamarck^ in 1777 that 
the fleshy spike or spadix of the flowers of Arum 
maculatum at a certain stage of growth was percep¬ 
tibly warm to the touch first called the attention of 
scientific men to the heat-producing power of growing 
plants. Senebier® in 1800 confirmed this observation 

1 Address of the vice-president and retiring chairman 
of Section O-^Ohemistry, American Association for the 
Advancement of Science, Atlantic City, December, 1932. 
a Lamarck, ' * Flora fran^aise. ’' 1777. 
sSenebier, “Physiol. v6g6tale,“ III, 814. 1800. 


of Lamarck and at the same time noted the additional 
fact that this production of heat was especially pro¬ 
nounced in the presence of oxygen. The connection 
of this observation with the familiar oxygen respira¬ 
tion of animals was indicated later by the experiments 
of Saussure* in 1822, since which time the vaUdity of 
a true respiration process by plants, in which oxygen 
is consumed and carbon dioxide evolved, has been uni¬ 
versally recognized. ^ 

The intensity of this heat production by plants and 
its relation to oxygen consumption were examined 
by other investigators in succeeding years. In experi¬ 
ments by Kraus® in 1882 upon the spadix of flowers 
of Arum itaUcum a maximum temperature of 44.7° C. 

* Saufitfure, Ann. Set Hat, 21, 285, 1822; Ann. Chim. 
et Phy$. (2), 21, 279, 1822. 

0 Kraus, Ahhandl, Haiurf. Gesell, Halle, 16, 1882. 
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was observed. During the production of this heat 
large quantities of carbon dioxide were evolved, and 
in a few hours a third or more of the dry substance 
of the spike (consisting of reserves of starch and 
sugar) was consumed. 

If transpiration and the radiation of heat are re¬ 
tarded, as when the organs of plants are heaped 
together in large piles, the production of heat by 
vegetable cells becomes very apparent. The produc¬ 
tion of heat in piles of gram and in heaps of grass 
was probably observed by man in prehistoric times. 
It was also observed at a very early period that under 
certain conditions some plant materials, as hay or 
straw, might undergo so great an increase of tempera¬ 
ture during spontaneous heating as to burst into 
flames. In later times, when men began to speculate 
as to the cause of things, the phenomenon of the 
spontaneous heating and ignition of plant materials 
was ascribed to the presence of an occluded tire or 
heat, and this explanation was retained by Bacon,® 
Boerhaave^ and other philosophers until compara¬ 
tively modern times. 

The German botanist Goeppert** showed in 1830 
that when a mass of barley grains was allowed to 
germinate in a wooden box, temperatures as high as 
60° C. might be obtained. He did not differentiate, 
however, between the heat evolved by the respiration 
of the sprouting grain and that developed by the 
vital processes of adhering micro-organisms. This 
distinction was first clearly demonstrated by Cohn,® 
a plant physiologist of Breslau, who showed in 1890 
that the first production of heat by the respiration of 
germinating seeds come to an end at about 40° C., 
which coincided with the thermal death point of the 
young plants. €ohn then observed after a short pause 
a second rise of temperature to about 65° C., which 
ho attributed to the vital processes of thermogenic 
micro-organisms. 

The maximum temperature observed in the most 
carefully controlled experiments upon the heating of 
plant materials by biological agencies does not usually 
exceed 70° C., which is about the thermal death point 
of most vegetating micro-organisms. This is some 
160° C. lower than tlie temperature necessary for the 
ignition of hay, and the problem which has perplexed 
scientific men for so long is how to explain the great 
increase in temperature between the death point of 
the thermogenic micro-organisms and the point of 
spontaneous ignition. 

6 Bacon, ** Novum Organum.*' Translated by P. 
Shaw, 2 V. London. 1802. 

f Boerbaave, New Method of Chemistry." Trans¬ 
lated from the printed edition by P. Shaw and E. Cham¬ 
bers. London. 1727. 

*Goeppert, "Ueber die Whrme-Bntwiekelung in den 
Pflanzen." 272 pp. Breslau. 1836. 

• Cohn, "Ueber Wkrme-Erseugang dutch Schimmel- 
pilze und Bakterien." Jahrg. ScUes. Gesell., 68: 23-29* 
breslau. 1890. 


There have accumulated during the past fifty years 
many detailed acooimts, by careful observers, of the 
visible phenomena of the spontaneous ignition of hay. 
These accounts all largely agree as to the main facts, 
so that the one specific instance which we have selected 
will be sufficient for general purposes of illustration. 
This typical ease, related in Liebiff^s Annalen in 1873 
by the German agricultural cliomist Ranke,'® is of 
classic interest, for its publication acted as a stimulus 
in drawing the attention of scientific men for the first 
time to a careful study of the complicated problem 
of the spontaneous ignition of hay. 

A partial translation (by the author) of Rankers 
original article is as follows: 

On my estate Laufzorn, which is situated south of 
Munich about four hours by post near the Oriinwald for¬ 
est, a burning odor was observed on the morning of 
October 19, 1872, in the west corner of a large massively 
constructed barn. 

In this section of the barn was stored a part of a 
crop of rowen that had boon harvested upon the estate 
and unloaded in two adjacent piles, one of which con¬ 
tained about 22i tons and the other about 15 tons. 

This rowen had all been harvested In apparently well 
dried condition during excellent weather between the 5th 
and 10th of August. During the whole of September 
there was noticeable only the customary strongly aromatic 
odor of hay which increased in intensity until finally on 
the 17th and 18th of October a perceptible burnt odor 
began to bo noticed. This empyreumatie burnt odor had 
become so strong on Saturday morning, October 19, that 
my manager was convinced the interior of the mow had 
caught fire. He determined at once to remove the hay 
as carefully as possible and in case fire should be dis¬ 
covered to eztingui^ it with a large quantity of water. 

All available buckets, casks and other containers were 
accordingly filled with water upon the scaffold of the 
bam above the rowen and at 10: 30 A. M. the removal 
of the hay was very carefully commenced. . . . 

As the removal now began to be pushed more vigor¬ 
ously from the top there were suddenly observed at a 
depth of about 5 feet several sparks. At the same time 
smoke and fiashes of sparks were suddenly observed on 
one of the wagons, upon which the latest removed por¬ 
tions of rowen were being hauled from the bam. This 
was about 1: 30 P. M. 

The entire mow and tho loaded wagon were now 
drenched with water. The rowen that was now being 
hauled out was of a deep brown color and was spread 
out upon the grass near a pond situated behind the bam. 

From now on the removal of rowen could be performed ' 
only with constant drenching with water, since almost 
every forkful ae soon as it was taken out began to glow. 
It was also frequently necessary to pour water again 
upon the material which had been loaded since even the 
boards of the wagon repeatedly broke into flames. Bven 
the rowen that had been spr^ out on the grass near 

U Baake. «Exp*tlmaitdler der 

8 elbat«iitsUadiiii( dM Heo«i.'’ lAvl/ittU dm. (Amh. 
Pkan^., 197: ms. 1878. . 
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the pond reignlted repeatedly, so that it had to be ex> 
tlaefuiBhed three times. The material outside in the open 
broke out into aotual dames, which was prevented inside 
the barn by the constant energetic drenching with water. 
It might be mentioned in this connection that on the 
following day the grass sod, upon which the removed 
rowen had been spread, was found to be completely 
burned. . . . 

Finally after it had become dark the work of removing 
the burning material from the barn was completed. The 
burnt mass formed, as it were, the core of the pile and 
was estimated to have a diameter of about 11 feet at 
the top; it extended downwards to about feet from 
the floor where the diameter of the hot portion, how* 
ever, had narrowed down to about 4 to G feet. The 
burned area extended backwards to within about li 
feet from the rear wall of the barn. 

The condition of the burnt moss was that of an 
actual carbon with a retention, however, of its original 
structure. The form of every spear of grass and of 
every flower could be plainly recognized. If this grass 
carbon was rubbed upon paper, the latter was colored 
black. 


Ranke, acting upon a suggestion by Professor 
Buchner,of the University of Munich, attributed 
the repeated spontaneous ignition of his hay to the 
strong absorptive power of the hay charcoal for 
atmospheric oxygen. 

The pyrophoric carbon theory of Ranke was at once 
confronted with a serious objection, which was the 
dilEBculty of explaining the origin of the heat that is 
necessary to raise the temperature of the hay to the 
point of carbonization. When a pile of green grass 
begins to heat, the incipient elevation of temperature 
is commonly attributed to the oxidation of sugars by 
the action of enzymes in the plant cells and in the 
adhering micro-organisms that produce fermentation. 
The life of the plant cells and of the micro-organisms 
is, however, destroyed before the temperature reaches 
80® C., and the activity of the oxidizing enzymes can 
hardly bo supposed to exceed 100® C., which is some 
50® C. below the temperature at which hay begins 
to carbonize and some 130® C. below the temperature 
at which hay ordinarily ignites. It is the bridging 
over of these large unexplained gaps in the increase 
of temperature in a heating haystack that constitutes 
the real problem of its spontaneous ignition. 

. It is not possible in the limits of space at our dis¬ 
posal to describe all the theories which have been 
proposed to oj^plain ibis difficulty. Laupper,^^ the 
well-known Swiss authority upon the spontaneous 
ignition of hay, supposes pyrophoric iron, and not 
pyrophoric carbon, to be the causative factor. Others 


Buchner, Liebig *8 Ann, Chem, und Phwrm., 167: 361. 
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'/■f' 


have supposed spontaneously inflammable gases, such 
as phosphine, to be responsible for the ignition. It 
has been also supposed by some that there are two 
kinds of heat production, one duo to vital causes at 
low temperatures and one due to chemical causes at 
high temperatures. This conception, however, is base¬ 
less, for the entire production of heat, from the first 
rise in temperature to the point of ignition, is due 
to the effects of chemical reactions; therefore scien¬ 
tifically no differentiation can be made^between vital 
heat and chemical heat. 

In order to explain how a heating haystack can 
catch fire the German bacteriologist Miehe^^ assumed 
that pyrophoric carbon can he formed at the com¬ 
paratively low temperature of 70° or 80° C. The 
following passage is translated from his original 
article upon the subject: 

I believe that carbonization may indeed lake place 
even at this temperature, for it must be coneidored that 
the action continues for a considerable time, even for 
months. The hay undergoes so to speak a dry distilla¬ 
tion, in which the elements of the organic conjponnds are 
rearranged; new volatile compounds of simpler composi- 
tjon are set free and the material remaining behind ap* 
pruaches more and more the composition of pure carbon. 
That oxidations still take place above 75*^ and 80° has 
already been indicated by the experiments of Schldsing 
and of Boekhout and DeVries. The carbon is of an 
extremely fine porous character, each cell retaining its 
structure. It is plausible to suppose that such carbon 
may condense exygen in a manner similar to finely divided 
platinum (platinum sponge). It would then, perhaps 
similar to platinum sponge, acquire a strong oxidizing 
power and perform oxidations that would be possible 
normally only at a much higher temperature. It could 
exorcise this oxidizing effect either upon itself or upon 
the absorbed easily oxidizablc gases, such as hydrogen, 
phosphine, volatile hydrocarbons (methane, ethylene, 
etc.), that are produced by the slow distillation or decom¬ 
position of the organic constituents of the hay. Such 
oxidations might perhaps take place even in undisturbed 
piles of hay after a certain interval of time when the 
ingress of oxygon was limited. The temperature would 
then slowly increase. Or, os seems more probable, the 
oxidations would develop only when an abundance of 
oxygen can enter, or in other words when the pile is torn 
open or when air passages are created intentionally or 
unintentionally. In fact, it is the general consensus of 
opinion (see Modem and other writers) that ignition is 
only produced when free entrance is given to the air by 
the insertion of poles, construction of air pits, opening up 
of the stack, etc. 

The assumption of Miehe that pyrophoric carbon 
is produced at low temperatures has been adopted by 
other sfi^dents of the problem. The supposition, how¬ 
ever, is hardly tenable, for there are many cases 

19Miehe, ''Die Selbsterhitzung des Heues. Bine bio- 
loglsche Studio.” 127 pp. Jena. 1907. 
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recorded where spontaneous i^ition of hay has taken 
place without any evidence of carbonization and in¬ 
deed within only a few days after it has been stored 
away, whereas Miche supposes that the action con¬ 
tinues “for a considerable time, even for months.” 

In 1929 the author^* suggested as a possible solu¬ 
tion of the problem of spontaneous ignition the 
formation, by micro-organisms under anaerobic con¬ 
ditions, of unsaturated unstable intermediary com¬ 
pounds which, in the sudden exposure of the interior 
of the fermenting mass of hay to the air, absorb 
atmospheric oxygen with so much avidity that the 
temperature is rapidly raised not only above the death 
point of the micro-organisms but even to the point 
of ignition of the hay. This spontaneous ignition 
may take place almost instantly, as James, Bid well 
and McKinney,^of the Department of Agnculture, 
have observed in the case of heating horse manure, or 
it may take place more slowly, according to the 
rapidity with which the outside air gains access to 
the hot pocket in the interior of the hay. In other 
words, the micro-organisms that produce the incipient 
fermentation of the hay by enzyme action or otber- 
ivise are responsible for the preparation of the mine 
that may, or may not, later be sprung with the 
spontaneous ignition of the mow or stack. 

The splitting-off of water from the organic con¬ 
stituents of plants is one of the most common re¬ 
actions attending the deterioration of agricultural 
products, and one effect of this change, of great 
importance in the study of the problem of spon¬ 
taneous ignition, is the accumulation of residues of 
greater and greater calorific energy. The significance 
of this reaction in plant life and in fermentation was 
pointed out as far back as 1870 by the German chem¬ 
ist, Adolph Baeyer,’^ who in a very suggestive 
article published in the Berichte of the German Chem¬ 
ical Society may be said to have blazed the way to 
an understanding of some of the reactions that take 
place in the decomposition of plant materials by 
micro-organisms. 

Baoyer supposed that as a first step in this decom¬ 
position the elements of water arc stripped off from 
the sugar molecule with the formation of unstable 
intermediary products, which, by the readdition of 
water and in other ways, finally give rise to lactic 
acid, alcohol, carbon dioxide and the other end- 
products of fermentation. The splitting-ofl of water 

Browne, ‘'The SpontaneouB Combustion of Hay." 
Tech. Bulletin No. 141, U. 8. Dept, of Agriculture. Sep¬ 
tember, 1929. 

10 James, Bid well and McKinney, “An Observed Case 
of Spontaneous Ignition in Stable Manure." Jour. Agr* 
Research, 36: 481-5. 1928. 

it^Baeyor, “Uebor die Wasaerentziehung und ihre Be- 
deutung fiir daa Pfl^nzenleben und die Gahrung. ” Ber. 
DeuUch, Chemiach, Qwll., 3: 63-76, 1870. 


from the carbohydrate molecules results in the re¬ 
moval of H and OH groups from the carbon chains 
and in the formation of unsaturated intermediary 
compounds with carbon atoms that are united by 
double bonds. These compounds are of a very labile 
reactive character and by the subsequent readdition 
und reelimination of water pass through various 
modifications before the final end-products of the 
fermentation are reached. 

Since the time of Baoyeris classical paper there 
have been almost innumerable apcculations as to the 
nature of the intermediary compounds which are pro¬ 
duced in the fementation of sugars. Among the 
most plausible of the theories which have been pro¬ 
posed is the one of Wohl’^ and Neuberg’^ that the 
first csjmpoiind produced by the stripping-off of water 
from the sugar molecule is an unsaturated inter¬ 
mediary substance that breaks down immediately into 
two molecules of an enolie form of methyl glyoxal as 
shown by the following equation: 
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The unsaturated enolie form of methyl-glyoxal has 
not been isolated from fermentation mixtures, and it 
probably only exists momentarily. Methyl glyoxal 
itself (CHO-CO-CHj,) has, however, been detected 
in fermentation products, and this fact is a strong 
argument in favor of the Wohl-Neuberg theory of 
fermentation, 

17 Wohl, “Die noue Ansehauung fiber don chemlzchen 
Verlauf der alkoholischen Gfirung," Biockem. Zeits., 6, 
p. 45. 1907. 

18 Nouberg, ‘ * Zuckerumaatz der Pflanzenzelle. * * Hand- 
buch dor Biochemie, 11 Aufl. Bd. 2, Jena. 1925. For 
a full diacuaflion of the Wohl-Neuberg and other theories 
regarding the fermentation of sugars sec Oppenhclmer’s 
“Die Fermcnte," Bd. II, p. 1450, V Aufl. 1925. 
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A direct proof of the formation of unsaturated 
highly reactive enolic compounds in the decom¬ 
position of sugars has recently been furnished 
by Nelson and Browne,’*' of the Bureau of Chem¬ 
istry and Soils, in the isolation of the so-called 
COOH 

“glucic” acid corresponding to the enolic fonn 

(ill, 

of methyl glyoxal. This acid is produced by the 
action of weak calcium hydn)xide upon a dilute solu¬ 
tion of glucose at 70° C. m the absence of air. The 
calcium salt of the acid deposits almost immediately; 
it absorbs oxy^gen from the air with the greatest 
avidity and with an intense evolution of heat. It is 
perhaps by the rapid oxidation of unsaturated highly 
reactive intermediary substances similar to this that 
the heat of a fermenting haystack is produced. In 
this connection it might be noted that Lange^” has re¬ 
cently obtained evidence of the production by B, coU 
of an unsaturaled very unstable highly oxidizablo 
intermediary product, whicli is similar in some of its 
react ions to propiolic acid CH‘ C • COOH. It is pos¬ 
sible that the acid detected by Lange is closely related 
to the glucic acid of Nelson and Browne. 

The oxygen which is needed for the transformation 
of the intermediate unsaturaled compound may come 
in part from the air; but it may also be supplied by 
the decomposition of water, in accordance with the 
simultaneous reduction-oxidation reactions which 
have been especially studied in Germany by Wieland.^’ 

Tschirch^*® has proposed a modification of this re¬ 
duction-oxidation theory to explain the spontaneous 
ignition of hay. He criticizes the hypothesis of the 
formation of pyrophoric carbon at 70° C., as sug¬ 
gested by Miche, and as a substitute for this supposes 
that the ignition is due to the rapid evolution of 
oxygen from the organic constituents of the hay as 
a result of the action of reducing enzymes under 
anaerobic conditions. To quote from Tschirch^s 
original article (author’s translation): 

If half-dried hay is packed tightly together in a thick 
layer, the most easily reacting oxydases are the frst to 
become active. This first phase of the reaction is the 
first nondongerouft stage that is associated with only a 

Nelson and Browne, * * The Properties and Chemical 
Constitution of Olucic Acid.” Jour. Am. Cham, Soc., 51, 
pp. 830-fi. 1929. 

>0 Lange, ” Production of an TJnsaturated Compound 
by fl. oolt in a Synthetic Medium,' * Prooeedinffs tor the 
Soc. of Experimental Biology and Medicine, p. 1134. 
June, 1932. 

aiWieland, “Uobor don Mechanismus der Oxydntions 
Vorgttnge.” Ber. Beut Chem. Oesgll., 46 (2606); 46 
(8327) : 47 (2085); etc. 1914, etc. For a full review of 
Wielaad's theory see Oppenheimer's **Die Fermente,” 
Bd. II, pp. 1283-95. 1925. 

** Tsehiroh, *' Die EnUundung der Heustticke. * * Mitt. 
NafwA Oewil. Bern, pp. 133^137. 1917. 


slight increase of temperature. It is an oxidation or 
combustion process that involves a consumption of oxy¬ 
gen. As soon as the oxygon is used up, however, the 
activity of the reductases sots in. They find points of 
attack in all the oxygen-containing constituents of the 
cell contents and cell membrane. . . . Cellulose, for ex¬ 
ample, contains 61 per cent, and aspartic acid 48 per 
cent, oxygen. The reduction process which advances 
rapidly with rising temperature is the second dangerous 
stage which sots in about 50^-70®. At these ranges of 
temperature the reductases apparontly^attain their opti¬ 
mum of activity. Very favorable conditions for their 
action exist especially in the interior of a haystack whore 
all the oxygen is consumed by oxydases. The disintegra¬ 
tion process reaches its maximum, therefore, in the in¬ 
terior of the haystack and can proceed here to complete 
carbonization, preceding which in a preliminary stage, 
there are first produced brown colored intermediary prod¬ 
ucts, that still contain H and O, and which also consti¬ 
tute the basis for the color of ”brown hay.” The abun¬ 
dant supply of oxygen, that is suddenly made available 
in the reduction process within the firmly packed hay¬ 
stack, where no outlet is possible for the generated gas, 
leads finally as in so many other eases to an explosion, 
that is to say to a rapid combuHtioii of the available 
carbon compounds, both those reduced as well as those 
still unreduced. The heat that is gonernted in the reduc¬ 
tion process can not alone explain the ignition since this 
never mounts to tlie ignition temperature of cellulo.se. It 
is only the generation of oxygen and the occurrence of 
an explosion that explains satisfactorily the ignition. 

The hyiy)lhc8is of Tschirch has not met wilh gen¬ 
eral acceptance, princi])ally for the reason pointed 
out by Hildebrand1that the development of high 
temperatures in heating hay does not take place under 
the complete exclusion of the air, as would be ex¬ 
pected if his explanation were correct, but only after 
atmospheric oxygen has gained access to the ferment¬ 
ing material. 

There is not time, nor would it be altogether 
profitable in this conne(5tion, to discuss the possible 
role of the reductases, oxydases, peroxydases, catalases 
and other enzymes that are supposed to take part in 
the fermentation of plant materials. They play un¬ 
questionably a very important part in the chemical 
reactions which are involved in the spontaneous heat¬ 
ing of plant materials, although not necessarily an 
indispensable part. The writer*** described in 1929 
a peculiar spontaneous decomposition of sugar cane 
molasses that was perfectly free from micro-organisms 
and enzymes, in which the sugars were gradually con¬ 
verted into dark-colored organic compounds of higher 
and higher carbon content. These changes, which are 
the result of obscure internal chemical reactions, can 

28 Hildebrandt, “Beitriige zur Fragc der Selbsterwferm- 
ung des Heues,” ^entbl. Bakt., (H) 71: 440-90. 1927. 

2* Browne, *' The Spontaneous Decomposition of Sugar 
Cane Molasses,” fnd. Bng. Cftem., 21: 600-^. 1929. 
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be explained only upon the basis of a pro^ssive 
Bplitting-oft of M^ater from the sugar molecules, similar 
to those which have been previously described. As 
a result of this continual stripping-off of hydrogen 
and hydroxyl groups, residues are left which under 
certain conditions release their energy almost ex^ 
plosively in the **hot room” of sugar factories with 
the evolution of acid vapors, carbon dioxide and other 
gaseous decomposition products. A very high tem¬ 
perature is developed, with the result that the molasses 
froths and boils over, being finally converted into a 
porous carbonaceous residue. 

We have so fur considered only the heal evolution 
which results from the rapid oxidation of the nn- 
saturiitod compounds that are produced by tlie split¬ 
ting-off of water from sugar molecules. A certain 
part of the celluloses and hemi-celluloses of hay is 
hydrolyy.cd into sugar in the initial stages of the 
fermentation process, and the sugar thus formed must 
be considered as sources of heat producton in addi¬ 
tion to the sugar originally in the hay. 

There are in the hay, however, large quantities of 
insoluble cellular materials, such as cellulose, lignin 
and pentosans, which are not hydrolyzed in this way, 
but which nevertheless undergo decomposition in the 
anaerobic fermentation of hay by the same process of 
splitting-off of water. Analytical determinations 
show that these cellular components of the hay un¬ 
dergo in the process of sweating a continual loss of 
oxygen and hydrogen in the form of water, with the 
accumulation of unsaturated residues that become 
richer and richer in carbon. As this decomposition 
progresses, the hay changes in color first to yellow, 
then to light brown (the color of the so-called brown 
hay), then to dark brown and finally to black, the 
product in the last state approaching the composition 
of the so-called hay carbon. It is not pure carbon, 
however, and contains only from 50 to 70 per cent, 
of carbon, according to the degree of alteration which 
the cellular substance of the hay has undergone. 

It can now be readily seen that with the formation 
and acjcumulation of unsaturaied residues under 
anaerobic conditions in the porous cellular materials 
of hay the accidental entrance of air into the interior 
of the stuck may bring about such a rapid absorption 
of oxygen at the points of unsaturation that the tem¬ 
perature may be quickly raised to the point of 
ignition. The reaction is perfectly similar to the 
familiar spontaneous ignition of cotton whose fibers 
have been coated with thin layers of an unsaturated 
vegetable oil, such as that of linseed. It is not necesh 
sary, therefore, to assume with Miehe, and other stu¬ 
dents of the subject, that ignition takes place only as 
a result of the formation of pyrophoric carbon or, 
according to Laupper, with the formation of pyro¬ 
phoric iron. The unsaturated highly reactive de- 


composition products in a formating haystaek are 
produced at comparatively low temperatures far be^ 
low tiioso necessary for the production of pyrophoric 
carbon or pyropHoric iron. Many spontaneous 
ignitions of hay have occurred when there was no 
blackening of the material, such as would be produced 
as a result of carbonization. The traces of iron com¬ 
pounds in hay no doubt act as catalysts in the proc¬ 
ess of spontaneous ignition, sinnlar to the action of 
traces of iron and cobalt compounds in the spon¬ 
taneous ignition of an oily piece of cotton, but such 
iron can not be regarded as the fundamental cause 
of the ignition. 

The exact coincidence of all the conditions necessary 
for the spontaneous ignition of hay is fortunately of 
infrequent occurrence. If the hay is too wet it will 
not ignite; if the hay is too dry it will not ferment. 
If there is a constant unimpeded circulation of air 
through the interstices of the hay, the unsaturated 
intermediate substances are oxidized as fast as they 
are formed and there is no accumulation of those 
easily decomposable residues which by their final 
almost instantaneous oxidation raise the temperature 
in a few minutes from 80° or 90° to the point of 
ignition of the hay. The opening up of a hot Jiay- 
mow is, therefore, a hazardous operation and should 
only bo done when every precaution has been taken 
to extinguish the conflagration that may immediately 
break out, such as happened in the case narrated by 
Ranke and such as has happened in so many of the 
other cases that have come under observation. The 
first quenching of the outbreak of fire with water 
does not remove the danger. The unstable rapidly 
oxidizable residues are etill there and, with the evapor¬ 
ation of the water from the hot hay, may ignite spon¬ 
taneously again and again, as indicated by Ranke, 
whose description of the phenomenon has been re¬ 
peatedly confirmed by other observers. 

Statistics show that spontaneous ignition of hay 
occurs almost exclusively in large mows and stacks. 
The large stack not only creates a better insulation 
against radiation of heat from the inside and a slower 
penetration of atmospheric oxygen from the outside 
during the precursory period of anaerobic fermenta¬ 
tion, but it also offers a more favorable opportunity 
for creating somewhere in the mass of material the 
exact conditions of moisture, temperature and oxygen 
penetration that are necessary for spontaneopB 
ignition. When fermentation begins there is an im^ 
mediate migration of moisture from tiie wanner to 
the cooler zones of the stack; a cool seetkm that was 
previously dry enou^ to withstand fermentation may 
acquire by condensation sufficimit moisture ir(m a 
contigaous hot fermenting ifione to become a goo^ ^ 
medium for the rapid devebpment of 
isnua In way a single load of 
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.tbd center of a large masg of well-cured hay may start 
fermentations throughout the whole mass of material. 
With the migration of these fermenting zones from 
point to point there may finally be found somewhere 
a zone having the optimum conditions of moisture^ 
temperature and air supply that lead finally to 
ignition. If this necessary coincidence of optimum 
conditions does not obtain^ the stacks after several 
months of fluctuating changes of temperature, begins 
to cool down, with perhaps an occasional sporadic 
elevation of temperature at isolated points. The 
impeded penetration of air prevents the accelerated 
oxidation of the unstable organic residues; these are 
only very slowly oxidized and when the stack has 
finally approached the temperature of the outside air, 
these once highly oxidizable complexes are so suM- 
ciently stabilized that the stack may be opened up 
without danger. 

While this sketch of the chemical processes in¬ 
volved in the spontaneous heating and spontaneous 
ignition of hay is probably in general correct, there 
are many details of the problem that must be worked 
out under carefully controlled quantitative conditions. 
We need observations upon the production of heat, 
consumption of oxygen and evolution of carbon 


m 

dioxide, water, etc., by large masses of fermenting 
hay in a respiration calorimeter, for it is only in this 
way tlmt we can determine how much of the heat is 
produced as a result of anaerobic reduction-oxidation 
reactions and. how much is produced by atmospheric 
oxidation. We need more observations upon the 
elementary analysis and heats of combustion of hay at 
various stages of spontaneous heating. We need 
further research on the nature of the solid, liquid 
and gaseous organic compounds that*tir6 produced in 
both the anaerobic and aerobic fermentations of hay, 
particularly of those elusive intermediate oompounds 
which are the most difficult of all to detect. We need 
more knowledge of the phenomena of moisture migra¬ 
tion and heat transference in laigc masses of hay. 
We need also more exact information as to the tern- 
I)eratures of ignition of hay at different stages of the 
fermentation process. When fundamental knowledge 
upon these and other points has been acquired we 
shall be able to visualize more clearly the details of 
the complicated reactions that take place in the 
s|X>ntaneous heating and spontaneous ignition of hay 
and other agricultural products and to anive at the 
best practical means for reducing the enormous eco¬ 
nomic losses from this cause. 


BREAD QUALITY OF WHEAT PRODUCED IN 
AQUEOUS CULTURE MEDIA 

By Dr. W. F. GERICKE 

LABORATORY OF PLANT NUTRITION, UNIVERSITY OF CALIFORNIA 


Among the causes of difl^erences in the bread prop¬ 
erties of wheats, those related to the quality of their 
proteins are of much interest to cereal chemists. Qual¬ 
ity in flour as affected by the character of protein 
appears to be a very definite entity when expressed 
by baker's marks, and while the loaf of bread is and 
perchance always will remain the ultimate criteria of 
quality, nevertheless the concept 'Equality of protein” 
is still an intangible term, lacking a precise chemical 
definition. The interested trades feel a real need for 
simple and rriiable tests of protein quality, which 
apparently may vary from season to season in ac¬ 
cordance with the vagaries of climate; consequently 
experiments were designed to attadt the problem from 
another angle, namely, by the water culture method, 
whereby specific treatment could be accorded the mate¬ 
rial selected for milling and baking operations. 

Wheat protein is supposed to be identical in ohemi- 
eal composition among varieties. The fact of differ- 
ehecs in the character of bread due to protein would, 
^ lieu of differences in quantity thereof, be accounted' 
: 1^ differences in its ph^eal character. It is 


known that the physical state of colloid particles 
varies with the nature of the medium surrounding 
them, and as plant sap is a more or less concentrated 
salt solution, it appeared as not improbable that 
variation in the quality of wheat protein might reflect 
certain features of plant sap. The fact of variation 
in the concentration and composition of plant sap 
with cultural treatment and also the differences in 
physical character of starches derived from the same 
source also were suggestive as to the type of experi¬ 
ment required to throw more light on the protein 
problem. 

To obtain such data, th^, writer grew wheat in 
aqueous culture media on a scale large enough to pro¬ 
vide, samples for milling and baking operations. The 
plants were grown in a series of tanks filled with 
water, over which a seed bed was mounted, and which 
permitted production of a crop in culture media that 
could be altered at will. 

FtOl description of the technique of crop production 
in a water medium by mass planting will appear in 
due season. As a preliminary note, however, it may 
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be stated that the essential features of the method 
oonsistcd primarily of (1) a seed bed mounted over 
€md in contact with a water surface, so that the crop 
could be planted by mere broadcast scattering of the 
seed and grown to maturity without further replant¬ 
ing; and (2) the use of ^‘fertilizing units,” a single 
bottle per tank containing all elements required for 
growth of plants in water which being once applied 
requires no further attention and thus eliminates much 
of the tedium associated with classical water culture 
experimentation. The seed bed consisted of poultry 
netting stretched tightly over the top of the tanks. 
Burlap placed on the netting furnished support for 
the seed sown thereon. A thin layer of sawdust cov¬ 
ered the seed to maintain the required moisture condi¬ 
tions for germination. With the sprouting of the seed, 
the roots penetrated the burlap and extended into the 
Water and the plants grew to maturity in place as 
seeded. The “fertilizing units” contained ten elements, 
of which those required in relatively large amounts 
were supplied by the ordinary grade of fertilizer ap¬ 
plied to land and those required in small amounts 
were supplied from equally inexpensive sourceij. 
Ordinary tap water was used. From 800 to 1,400 
grams of dry grain was grown per reservoir, having 
25 square feet of seedbed. The maximum yield ob¬ 
tainable per 25 square feet of water surface has not 
been determined, but apparently is decidedly larger 
than can possibly be obtained per equal area of soil 
surface. 

Three sets each of an array of seven varieties were 
grown, two in water, one in soil. Of the former, one 
was located under glass, the other in the open field. 
The soil set consisted of plats in the open field. All 
samples grown in liquid media received similar treat¬ 
ment up to the heading stage. When that state of 
development was obtained, the solution of each reser¬ 
voir was drained, the fertilizing units removed and 
fresh water supplied. Then the treatment was 
altered: One reservoir out of every set of two received 
a new fertilizing unit, thus reproducing therein for 
the final growth period the same culture medium in 
which all samples were started. The other reservoir 
received no salts, the crop being allowed to grow to 
maturity in a nutrient-free medium. Thus the length 
of the period during which nutrients were available 
for absorption was made to differ. In the one case, 
the salt content of the mature plant was expected to 
be low, as no nutrients were available for absorption 
during the latter part of the growth period. In the 
other case, it was expected to be high because all 
elements were available in relatively large quantities 
throughout the entire growth period. The soil-grown 
crop received a very heavy application of NaNOg at 
approximately the same growUi stage as that at wMefa 


the crop grown in liquid medium had the nutrients 
removed. The conditions in regard to the supply of 
nutrients in the soil-grown crop were in essence similar 
to those of the crop grown in liquid medium which 
contained nutrients throughout the entire growth 
period of the plants, save as to amounts of nutrients 
available which were assumed to be less in the soil 
than in the liquid medium. 

From an agronomic standpoint, yield is on impor¬ 
tant consideration in growing a crop for investigations 
dealing with the bread quality of wheat. In field 
culture, variation in yield may or may not reflect itself 
in the baking properties of the flour. However, as 
these experiments were not designed to show the con¬ 
ditions under which such correlations are obtained— 
or failed to bo obtained—no consideration will be 
given to the physiological properties of the culture 
media in respect to their effects upon yields, save in 
one aspect. With all varieties grown in liquid media, 
both under glass and out of doors, larger yields of 
grain were obtained from the reservoirs that did not 
contain any nutrients during the latter part of the 
growth period, than were obtained from those which 
contained an abundance of nutrients throughout the 
entire growth period of the plants. These results, at 
first consideration somewhat surprising, are, however, 
in full accord with the observed facts of nature, 
namely, that for a considerable portion of their 
growth, many plants rooted in soil thrive in a media 
low or nearly depleted of available nutrients, granted 
of course that the supply was adequate during their 
early growth stage. This condition exists because 
plants have a higher rate of absorption of nutrients 
than the soil has of making nutrients available. 

Analyses of the crops revealed that the percentage 
of water soluble and also total asli in the plants grown 
in the liquid media varied with the treatments, and 
was higher in the cultures where nutrients were avail¬ 
able throughout the entire growing period than where 
they were absent during the latter part of the growth 
period. Likewise, the ash of the grain varied simi¬ 
larly with the treatments, but it was of decidedly 
lower value than that of the straw. The grain har¬ 
vested from the reservoirs in which the supply of 
nutrients was not restricted was not so well filled as 
was that obtained from the reservoirs in which 
nutrients were restricted. The filling of the individual 
kernels in a head of wheat appears to be largely a 
matter of adequate production of carbohydrates by 
the plant and its translocation into the kernels. It 
appears, therefore, that the failure of the grain to 
fill properly was, in part, due to the excessive ab¬ 
sorption of some of the inorganic nutrients, and the 
consequent effect in the restriction of the production 
of carbohydrates. Within limitation, the amount ol 
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carbohydrates in wheat plants appears to be inversely 
related to that of the absorption of inorganic elements, 
but whether this relation applied to all elements ex¬ 
pressed os total ash or only certain ones thereof, was 
not deducible from the data. The percentage of ash 
of the patent flour also varied with the treatments, 
but it was of decidedly lower value than that of the 
grain, the range being 0.4 per cent, to 0.7 per cent. 

Milling and baking operations were performed ac¬ 
cording to the directions of Standard Mills for their 
experimental laboratories. Apparently the yield of 
the various mill products of wheat was not altered 
by the treatments. Only patent flour was used for 
the baking tests and the bread produced therefrom 
showed decided differences in quality, both as to va¬ 
rieties and the cultural treatments employed. 

The data obtained are as yet too fragmentary to 
indicate how the nature of plant sap affects the col¬ 
loidal state of the proteins and starches. Apparently 
the ash content of flour throws no light on the matter. 
The ash content of the straw varied from 3.5 to 17 
per cent, among varieties and treatments, and while 
the quality of the bread did not vary correspondingly 
with that of the ash, it was evident that some type of 
relation did exist. 

It soon became apparent that, in order to clarify 
this relation, it was necessary to differentiate two frac¬ 
tions of the total amount of each element absorbed, 
one on which yield was dependent, and one on which 
it was not. The fact that yield of grain was not re¬ 
stricted by the absence of nutrients in the culture 
medium during the latter growth period of the wheat 
plants indicated the arrival of a stage in their de¬ 
velopment when the absorption of nutrients no longer 
had nutritional functions. This growth phase was 
not identical with all elements. Neither was it fixed 
for any element, as conditions which affected the rate 
of supply of nutrients during the early growth of 
plants affected the time of arrival of that period. 
The crop-yielding power of various increments of any 
element absorbed by plants from the culture media 
varied with the time of their absorption; those which 
were absorbed early possessing greater power than 
those absorbed late. Corresponding to this difference 
in yielding power, other differences in the properties 
of the absorbed nutrients may be assumed. Among 
these are composition and concentration of plant sap. 
While the amounts of nutrients absorbed at maturity 
do not give a true picture of these properties of sap 
daring growth, nevertheless -they do indicate the di- 
teotion of possible fluctuations in these chaxaoters. 
It appears safe to assume that the concentration of 
the sap of plants due to the nutrients on which yield 
is dependent is less than that due to nutrients which 
eian not function causatively. The absorption, occur¬ 


ring too late, becomes excess because of the brevity 
of time remaining for utilisation. The quantity ab¬ 
sorbed too late to function causatively is superim¬ 
posed upon that which functions causatively with cor¬ 
responding effect on concentration of the plant sap. 

By precluding the absorption of nutrients during 
the latter growth phase of wheat, the relation of the 
crop-producing value of varying quantities of an 
element to that of yields of grain can be determined. 
With some qualification, this relation cob be expressed 
as a straight line function for all elements. At no 
period of the development of wheat will the absence 
of either nitrogen or phosphorus in the culture 
medium preclude reproduction, and the magnitudes of 
yield become a given multiple of the quantities of 
either of these elements absorbed during the early 
growth phases of the plants. This straight line re¬ 
lation is contingent on sufficient time subsequent to 
the absorption of the quantities in question to per¬ 
mit the plants to elaborate the materials into the 
maximum amount of product possible which is defined 
by the lowest percentage of the element in the com¬ 
position of tbo mature product. Absorption of these 
elements occurring too late in the life of wheat to 
effect yield reflects itself in the composition of the 
plants, and is expressed for the specific elements Li 
question by the degree it exceeds the minimum per¬ 
centage obtainable in the mature product. But in 
the case of iron, calcium or potassium, the relation 
is not so simple because the absence of any one of 
these elements at certain growth phases will preclude 
reproduction, even though their presence in the 
medium at a former growth phase had resulted in 
considerable vegetative development. Only after cer¬ 
tain minimum quantities have been supplied to bring 
the plants te such a state of development that the 
first increment supplied thereafter will effect grain 
production, are yields proportional to varying 
amounts of the element absorbed. 

It is inferred from these relations between yields 
and quantities of various elements required that the 
physical properties of the plant sap arising from the 
truly nutritive quantities of each of the elements ab¬ 
sorbed does not vary save by those factors which are 
part and parcel of growth. Changes are features of 
growth. A definite type of pactions or character¬ 
istics prevails, or follows one after another, in the 
constitution of plant sap with the circumstanoes of 
growth. But the plant is always exposed to secular 
forces which may intensify or lessen the rate of 
changes of the components of the truly nutritive 
character of plant sap. Nutrients which can not 
function productively thus become the cause of vari¬ 
ation of the physical properties of plant sap because 
they are superimposed on those which define the type. 



232 







Wheat varieties vary more or less markedly as to 
the amount of an element required per unit weight 
of grain produced. Furthermore, the ash content of 
their straws varies with the elements absorbed. Sub¬ 
tracting Iho amount of nutrients required for any 
measure of yield of any variety from that of its ash, 


one obtains a measure of the quantity of mater^ 
wbieh caused secular variation in the plant sop. 
Better bread was obtained from wheats having a rela^ 
tively large excess of salts in the straw beyond t}ie 
minimum required for the yield obtained than from 
those having none or only a small excess. 


OBITUARY 


RECENT DEATHS 

Chauuss Wilfoud Cook, professor of economic 
geology at the University of Michigan, died on Feb¬ 
ruary 17 at the age of fiity years. He had been con¬ 
nected with the department of geology for twenty- 
five years and was well known for his work in eco¬ 
nomic, and especially in oil, geology. 

Dr. Charles Spenoer Williamson, head of the de¬ 
partment of internal medicine of the University of 
IlUnois Medical College, Chicago, died on February 16 
at the age of sixty years. 

Nature reports the death of Lieutenant Colonel 


John Stephenson, known especially for hie work on 
the oligoclmetes, from 1012 to 1920 professor of biol¬ 
ogy and principal of the government college at La¬ 
hore, India, and later until 1929 lectrirer in xoology 
at tlie University of Edinburgh. 

Professor Alfred Schaabschmidt, head of the 
Institute of Chemical Technology at the Technische 
Hochschule, Charlottenburg, has died at the age of 
forty-nine years. 

The death is announced of Dr. Johannes Schmidt, 
the biologist and oceanographer of Copenhagen. 


SCIENTIFIC EVENTS 


THE SCHOOL OF MEDICINE OF ROSARIO 

A coHBBsroNDENT of the Journal of the American 
Medical Association reports that the board of direc¬ 
tors of the School of Medicine of Rosario, Buenos 
Aires, recently resigned because the directors have 
had some difficulties with the students. The new 
board of direetore has expressed a wish to nullify 
many of the regulations made by the previous boards 
for the management of the school. The School of 
Medicine of Rosario is dependent on the University 
of Litoral. The university controls seven medical 
schools and also other scientific centers. One of those 
centers, the Escuela dc Agronomia y Veterinaria of 
the province of Corrientes, has more teachers than 
students. As a result of the economic conditions, the 
government recently reduced the yearly allowance of 
the University of Litoral, which in turn reduced the 
allowances given to the medical schools and scientific 
centers under its control. The medical school of 
Rosario could have met this deficit by reducing some 
of its expenses. There are, for instance, three courses 
on the same subject (psychiatry); many other sub¬ 
jects which are not strictly of a university nature 
could have been discontinued. However, in order to 
economize, the salaries of the professors were reduced. 
Drs. Ruiz and Hug, directors of the institutes of 
anatomy and of pharmacology of the medical school 
of Rosario, whose contracts expired, refused to sign 
a new contract at a reduced salary. Then the board 
of directors decided to eliminate the course of phar¬ 


macology. However, the students and some profes¬ 
sors opposed dropping the course and finally they 
decided to continue it. The vacancies left by Drs. 
Ruiz and Hug were reported so that applications for 
the positions could be made. The monthly salary to 
be given professors in those positions is 600 pesos 
($130) as directors of the institution and 300 pesos 
($78) as professors, making a total of 800 pesos 
($280) a month. However, this amount is more 
theoretical than real, because, owing to taxes, the 
salary is reduced to 700 pesos ($182). The full time 
professors of the medical school of Rosario had 1,300 
and 1,500 pesos ($338 and $390), respectively, for 
their monthly salary. By giving them only 700 pesos 
the school saves 1,500 pesos a month, although the 
full-time system is sacrificed. Those full-time pro¬ 
fessors have devoted the past ten or fifteen years to 
laboratory research and now they are compelled to ^ 
practice medicine or do other things for a living, , 
while their places are taken by others who have not ^ 
had so much experience. There were five full-time, 
professors in the medical schools of Argentina. By 
the elimination of these two there are now only iktm 'i 
(Drs. Houssay, Lewis and Elizolde). 

AUSTRALIAN FOSSILS FOR THE HARVARD 
MUSEUM Vj 

The largest and most complete specimen of a 
osaixr ever discovered in Australia is inolnfiefi h 
collections made by WilHiOn E. 8eh$viR, 
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infrator at tlie Harvard Musemn of Comparative Zool¬ 
ogy* Mr. Schevill returned in December from an 18- 
months expedition to Australia, and a preliminary 
investigation of his Endings is now in progress. 

The most important discovery, it is believed, is the 
skeleton of the plesiosaur. It is about two thirds 
complete, making possible for the first time an ac¬ 
curate reconstruction. Previous finds in Australia 
have been only fragments. The Harvard specimen is 
now being prepared for mounting, although it will be 
some months before it is ready for display. 

The remains of various species of Plesiosaurus have 
been found previously in Europe and America, and 
the present finding of a more complete example of 
the Australian plesiosaur will make possible impor¬ 
tant comparisons. The Australian specimen is known 
as “Kronosaums queenslandicus.” 

Previous specimens have been found in England, 
Germany, the United States—New Jersey, Kansas and 
Wyoming. In some American examples, stones of 
various sizes, from a quarter of an inch to 4 inches in 
diameter, were found in the position of the stomach, 
and are supposed to have been swallowed as aids to 
digestion. The fossil remains at Haiward are being 
carefully studied for evidence of similar feeding 
habits among the Australian species. 

Mr. Scheviirs find was located on the ranch of R. W. 
H. Thomas, near Richmond in northwestern Queens¬ 
land, which was a submerged area during the Creta¬ 
ceous period. In addition to this skeleton, he has 
brought back a large number of specimens, including 
not only fossils but also a series of present-day ani¬ 
mals. The entire shipment was made in 95 cases, 
. weighing in all eight tons. 

The Australian collection has been made as part of 
the museum’s program of obtamlng field specimens 
from every section of the world. Many of these will 
be arranged in “systematic collections,” showing 
graphically the history of evolution. The exhibition 
collections are used as a supplement to text^iooks by 
Harvard University students in courses on zoology 
and paleontology. 

ADMINISTRATION OF THE BOULDER DAM 
PROJECT AREA 

The Secretary of the Interior, Dr. Ray Lyman 
Wilbur, on Pobmary 15 approved the bills for ad¬ 
ministration of the Boulder Canyon Project area, 
introduce^ by Senator Hayden, of Arizona, and 
Congressman Arent?, of Nevada. The Secretary 
says: 

Hoover Data is now under construction and storage 
of the waters of the Colorado Mver in the immenoe 
xeilervoii to created thereby will begin, probably, 
ehefy in 19S6» 

/ : largest arttfieial reservoir In the world possesses 


great recreational and educational possibilities which 
should bo conserved. The bill provides for the efficient 
and economical accomplishment of the purpose by en¬ 
trusting this responsibility to the National Park Service, 
while the Bureau of Beclamation administers the area 
so far as it has to do with the primary purposes of the 
original legislation. In this way the building up of 
duplicating organizations is avoided. 

The bill also determines the limits essential to the 
project and definitely establishes the reservations. It 
vacates withdrawals heretofore niade*and restores about 
1,400,000 acres to entry. 

No claim of exclusive federal jurisdiction is made 
as to the new reservation and Secretary Wilbur an¬ 
nounces that none will be. Accordingly, the laws of 
Nevada and Arizona, including those as to schools, 
taxation and elections, will not be disturbed in the new 
reservation set up by the bill. 

As to the smaller federal reservation, heretofore 
established by order of Secretary Wilbur, at Boulder 
City, the bill proposes that Nevada shall have full 
rights of taxation therein after construction of the 
dam is completed; that Nevada shall immediately have 
the right, in the Boulder City area, to collect a prop¬ 
erty tax for school purposes and a mining tax;, and 
to conduct soliools. 

The Secretary states the department does not pro¬ 
pose to submit any estimates of appropriations dur¬ 
ing the fiscal years 1933 and 1934 for rt‘creationaI 
development. 

Secretary Wilbur considers the bill very important 
and urges its enactment at this session of Congress. 
He says of it: 

The bill replaces uncertainty with certainty, solves 
numerous existing administrative difficulties, makes pos¬ 
sible orderly planning for the future and provides fully 
for the interests of the United States and of adjacent 
communities as to the development and use of this highly 
important area. 

NEW PHARMACOPOEIAL VITAMIN 
ADVISORY BOARD 

The Board of Trustees of the United States Phar¬ 
macopoeia has announced the appointment of a Phar¬ 
macopoeia! Vitamin Advisory Board consisting of 

Dr. Lafayette B. Mendel, Yale University. 

Dr. H* C. Sherman, Oolumbla University. 

Dr, E. H* Nelson, Protein and Nutrition Division, Bu¬ 
reau of Chemistry and Soils, U. S, Department of 
Agriculture. 

E. F. Kelly, Baltimore, Maryland, representing the 

V United States Pharmacopoeia Board of Trustees. 

E. Fullerton Cook, Philadelphia, Pennsylvania, repre¬ 
senting the United States Pharmacopoeia Com¬ 
mittee of Revision. 



234 


scnmas 


v<^L. n, Nii. im 


The appointment of this board has been the out¬ 
come of several pbarmacopoeial conferences, held in 
'New York during the past year, attended by vitamin 
experts in the United States, who have recommended 
a revised standard for the vitamin A and vitamin D 
potency of the official cod-liver oil. The same group 
has approved assay methods for both vitamins and 
these assay methods are proposed for official adop¬ 
tion. 

Fifteen vitamin laboratories in the United States, 
one in Ijondon and one in Norway are now determin¬ 
ing the vitamin A and vitamin D potency of a special 
“Reference Cod-Liver Oil,” supplied by the U. S. Bu¬ 
reau of Fisheries. This oil will be available in a few 
months for distribution by the United States Phanna- 
eopoeial Vitamin Advisory Board. A nominal charge 
will be made for this “Reference Oil” which will have 
known vitamin A and vitamin D activity, expressed 
in International Units. This oil will be distributed 
through the office of the Chairman of the U. S. P. 
Vitamin Board to be addressed at 43d Street and 
Woodland Avenue, Philadelphia, Pa. 

THE WASHINGTON MEETING OF THE 
AMERICAN CHEMICAL SOCIETY 

Leaders of science and industry will address the 
eighty-fifth meeting of the American Chemical So¬ 
ciety in Washington during the week beginning March 
26. Seventeen of the professional divisions of the 
society, embracing every principal field of chemistry, 
will hold sessions. The history of chemistry will be 
traced in exhibits at the Library of Congress. 

Researches presented by workers m the Federal 
Service will bring to the attention of the nation con¬ 
tributions to science made by the government depart¬ 
ments. Numerous committees in the District of Co¬ 
lumbia are making arrangements for an extensive 
program of inspection of federal laboratories and 
scientific services, the aim being to convey knowledge 
of the development of Washington as one of the great 
science centers of the world. 

Many of the leading industries as well as univer¬ 
sities, colleges and other institutions will send repre¬ 
sentatives. Dr. Irving Langmuir, associate director 
of the General Electric Company, will give a public 
address on “Surface Chemistry” in Constitution Hall, 
18th and D Streets, N.W., on Wednesday, March 29,' 
at 8: 30 p. u. 

The formal sessions will open with a general pro¬ 
gram on Monday, March 27, following a meeting of 
the directors of the society, at which Professor Arthur 
B. Lamb, of Harvard University, president, will pre¬ 
side. Speakers at this general session and their topics 
will include: 

Charles F. Kettering, chief engineer of the Gen¬ 
eral Motors Corporation, Detroit, “The Relation of 
Chemistry to the Individual”; Harry L. Derby, presi¬ 


dent of the American Cyanamid Company, New York, 
“The Relation of Chemistry to the State”; C. M. A. 
Stine, vice-president of E. I. du Pont de Nemours and 
Company, Inc., Wilmington, Delaware^ “The Relation 
of Chemical to Other Industry”; Professor Hugh S. 
Taylor, head of the department of chemistry, Prince¬ 
ton University, “Chemistiy—^its Interrelations with 
Other Sciences.” 

Agriculture and food, petroleum, biological chem¬ 
istry, chemical education, medicinal chemistry, rubber, 
sugar, dyes, industrial and engineering chemistry, 
organic, and physical and inorganic chemistry are 
among the general fields to be covered at sessions of 
the professional divisions. The Division of Chemical 
Education, of whicli Professor Lyman C. Newell, of 
Boston University, is chairman, plans a symposium on 
“Recent Developmonls in Various Chemical Indus¬ 
tries.” The purpose of this symposium is to acquaint 
the chemistry teachers of the country with industrial 
developments. 

The Division of Biological Chemistry, of which 
Professor J. B. Brown, of the Ohio State University, 
is chairman, will hold a symposium on “Anemia”; 
the Division of Agricultural and Food Chemistry, 
headed by Professor II, A. Schuette, of the Univer¬ 
sity of Wisconsin, one on “Insecticides.” 

The Division of Industrial and Engineering Chem¬ 
istry, of which Professor D. B. Keyes, of the Uni¬ 
versity of Illinois, is chairman, will hold a symposium 
on “Glass” in conjunction with the Glass Division of 
the American Ceramic Society. 

The Division of Physical and Inorganic Chemistry, 
of which Professor W. A, Noyes, Jr., of Brown Uni¬ 
versity, is chainnan, will hold six sessions, including 
a symposium on “Electrolytes,” under the chairman¬ 
ship of Professor Victor K. LaMer, of Columbia Uni¬ 
versity, and a symposium on “Analytical Chemistry,” 
under the chairmanship of Professor N. H Furman, 
of Princeton University. The Division of Petroleum 
Chemistry, headed by F, W. Sullivan, of Whiting, 
Indiana, is arranging for two sessions, one being de¬ 
voted to a symposium on “Properties of Hydrocarbon 
Mixtures.” Other divisional meetings are scheduled. 

A demonstration of dust explosions has been ar¬ 
ranged by the Division of Chemical Engineering, Bu¬ 
reau of Chemistry and Soils, for Thursday, March 30, 
at Arlington Farm. The demonstration, which will 
be in charge of D. J. Price, will show in miniature 
what takes place when organic dusts explode under 
various conditions met in industry and bow the 
hazards from these dusts can be largely minimized. 

Special events include a visit to Edgewood Arsenal, 
called “the chemists’ contribution to national defense.” 
There will be a demonstration of ohemioal warfare 
weapons by the First Chemical Regiment and of air^ 
plane dispersion of s^oke by officers of the Air Corps. 
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SCIENTIFIC NOTES AND NEWS 


The School of Mining of Ijeobcn will confer an 
honorary degree in mining engineering on President 
Hoover for his services to mining and technology and 
for his literary work. It was planned to confer the 
degree on March 2 in the presence of representatives 
of the government and all the Austrian universities. 
The diploma was to bo received by Gilchrist Baker 
;Stockton, the United States Minister. 

Dh. Wallace W. Atwood^ president of Clark Uni¬ 
versity, who was an American delegate to the Pan 
American Institute of History and Geology meeting 
in Bio de Janeiro, reached New York on February 
22. After the meeting, which ended early in January, 
Dr. Atwood went to Peru and Bolivia, whore he stud¬ 
ied the highland country for Incan and pre-Incan 
archeological information. Dr. Atwood was elected 
president of the institute for the meeting to be held in 
Washington in 1935. 

Da. Jonathan C. Meakins, director of the depart¬ 
ment of miMlicine at McGill University, has been 
elected president of the American College of Physi¬ 
cians and Surgeons for 1934. 

Dr. Charles Edw^ard Munrok, chief chemist for 
explosives at the United States Bureau of Mines, 
emeritus professor of chemistry at George Washing¬ 
ton University, has been appointed honorary chair¬ 
man of the committee making plans for the Washing¬ 
ton convention of the American Chemical Society, 
which opens on March 26. Dr. Munroe, who is now 
eighty-three years old, is the sole surviving charter 
member of the society, formed in 1876. 

Professor Thomas C. Esty, from 1922 to 1929 
dean of Amherst College and for many years a mem¬ 
ber of the department of mathematics, has been ap¬ 
pointed by the trustees to be the first vice-president 
at the recommendation of President Stanley King. 
Professor Esty will exercise the power and carry on 
the work of the president in the absence of Dr. King. 

Dr, Willard E. Hotchkiss, formerly dean of the 
Stanford Graduate School of Business, has been ap¬ 
pointed president of the Armour Institute of Tech¬ 
nology in Chicago. 

Da. ViOTOR Goldschmidt, professor of mineralogy 
at the University of Heidelberg, celebrated his eighti¬ 
eth birthday on February 10. 

The council of the Physical Sooiety, London, has 
awarded the tenth Duddell Medal to Professor Wolf¬ 
gang Gaede, director of the Kaiser Wilhelm Institute 
of Physios at Karlsruhe, for his work on the design 
and production of high vacuum pumps. 

Boyol Dublin Society has awarded the Boyle 


Medal to Dr. f*aul A. Murphy, professor of plant 
pathology at University College, Dublin. 

Dr, Austin F. Rogers, professor of mineralogy at 
Stanford University, has been elected to membership 
in the Mineralogical Society of France. 

At Columbia University Dr. Arnold Knapp has 
been retired with the title of professor emeritus of 
ophthalmology. Dr. Howard B. Adelmann has been 
appointed assistant professor of anatomy; Dr. Karl 
Meyer, assistant professor of biological chemistry, 
and Dr. Richard Thompson, assistant professor of 
bacteriology. 

Db, IjEwis R. Hill has been appointed professor of 
bacteriology at Loyola University School of Medicine, 
Chicago, succeeding Dr. Emil Weiss, who resigned 
recently because of ill health. 

Db. Paul Blum has been nominated professor of 
therapeutic hydrology and climatology at Strasbourg, 
and Dr. Cristol, professor of biological chemistry at 
Montpellier, in succession to Dr. Derrien. 

It was announced in Science last week that Cap¬ 
tain Charles L. Oman had been appointed surgeon- 
general of the U. S. Navy. This appointment, like 
others made by the outgoing administration, has not 
been confirmed by the Senate. 

CAPTAiit William Chambers has been transferred 
from the division of planning, Bureau of Medicine 
and Surgery, U. S. Navy, Washington, D. C., to duty 
as director of the American Scientific Mission, Port 
au Prince, Haiti, succeeding Captain Montgomery 0. 
Stuart. 

D. L. Van Dine, until recently an entomologist with 
the Tropical Research Foundation in Cuba, has been 
appointed head of the Division of Fruit and Shade 
Tree Insects of the Bureau of Entomology, U. S, De¬ 
partment of Agriculture. This appointment relieves 
Dr. C. L. Marlatt, chief of the bureau, of the direction 
of federal investigations on the insect enemies of fruit. 

Dr, R. von Iherinq has been commissioned by the 
Federal Government of Brazil to study the prospects 
of fish culture in the reservoirs of the arid regions of 
Northwest Brazil (frontier of the states from Piauhy 
to Bahia). Biologists interested in limnology will be 
given transportation facilities for the study of sub¬ 
jects correlated with fish culture. Candidates recom¬ 
mended by their instructors can address Dr. R. von 
Ihenng, oidade de Jooo Pesaoa, Estado de Parahyba, 
Brai^. 

Dr. James Angus Doull, professor of hygiene and 
public health in the School of Medicine of Western 
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Reserve University, has leave of absence to organize 
an epidemiologioal study for the Leonard Wood Me¬ 
morial for the Eradication of Leprosy. Dr. DouU 
will sail on March 25 from Vancouver for the Philip¬ 
pine Islands, and will be absent from Cleveland for 
about six months. He will initiate studies on the fre¬ 
quency of leprosy in relation to diet, age, living con¬ 
ditions, contact with previous cases and other factors. 
These and similar studies will be continued over some 
yeai’s in the Philippines and possibly in other parts 
of the world. 

Dr. Victor Nkuer, of the California Institute of 
Technology, is on his way to Peru, to make a further 
study of cosmic rays. He plans to fly over the high¬ 
est peaks of the Andes, using one of the regular trans¬ 
port planes of Pan American Airways System spe¬ 
cially chartered to carry his equipment. 

Dr. Roy W. Mi.nter, curator of marine life at the 
American Museum of Natural History, sailed on Feb¬ 
ruary 24 to gather additional data, including motion 
pictures, of the Great Reef of Andros Island. He 
was accompanied by Chris E. Olsen, as artist. The 
object of the expedition is to add to the knowledge of 
such reefs and to enhance the display of great Ba- 
. hamas coral reefs now in the museum. 

Professor William H. Sbllew, assistant director 
of the department of engineering research of the Uni¬ 
versity of Michigan, has sailed for Germany, for a 
conference with Professor Planke, of Karlsruhe, an 
authority on air-conditioning methods. 

Dr. Alice H. Farnsworth, associate professor of 
astronomy at Mount Holyoke College, is si>ending her 
sabbatical leave for the remainder of the year at the 
Perkins Observatory, Delaware, Ohio, pursuing spe¬ 
cial studies in si>ectroscopic problems. 

Karl P. Schmidt, asaikant curator of reptiles at 
Field Museum of Natural History, has returned to his 
post at the museum after six months of research on 
type specimens of reptiles in European museums, car¬ 
ried on under a fellowship awarded to him by the 
John Simon Guggenheim Memorial Foundation of 
New York. 

At its recent meeting the Committee on Scientific 
Research of the American Medical Association made 
grants to Dr. Ernest Carroll Faust, professor of para^ 
sitology, department of tropical medicine, Tulane Uni¬ 
versity of Louisiana, for continuing his investigations 
on human strongyloidosis; to Dr. W. T. Dawson, pro¬ 
fessor of phdrmacology at the University of Texas, 
for further work on the relations between chemical 
ooustitution and toxicity of cinchona alkaloids; to 
Dr. Jessie L. King and Miss Ethel Soule, of Goucher 
College, Baltimore, to aid in a «tud^ of the effect 


of eoitdeal extract on adrenalectoznized rats, and tq 
Dr. John Guttman, of New York City, to eontinue 
his research in the laboratories of the New York Post- 
Graduate Medical School of Columbia University on 
the electric current produced by sound in the auditory 
apparatus. 

Dr. L. H. Adams, of the Geophysical Ijaboratory of 
the Carnegie Institution, retiring president of the 
Washington Academy of Sciences, delivered on Feb¬ 
ruary 16 an address on ''The Basie Concept of the 
Physical Sciences. 

The third Joseph Henry Lecture before the Philo¬ 
sophical Society of Washington will be given by 
President Karl T. Compton, of the Massachusetts In¬ 
stitute of Technology, in the auditorium of the Cosmos 
Club on the evening of March 11. The subject of the 
address will bo “High Voltage.^’ 

Dr. Arthur H. Compton, professor of physics at 
the University of Chicago, gave a lecture on “Cosmic 
Rays” on February 22, at the Brooklyn Academy of 
Music, under the auspices of the department of phys¬ 
ics and the Proctor Foundation of the Brooklyn In¬ 
stitute of Arts and Sciences. 

Professor Edward Kasneb, of Columbia Univer¬ 
sity, gave three public lectures in January and Feb¬ 
ruary before the People's Institute* The titles of 
these lectures were “Numbers and Infinity,” “Spaces 
and Dimensionality,” “Geometry and Physics.” 

Professor H. S. Jackson, of the department of 
botany of the University of Toront(», gave the annual 
Darwin anniversary address under the auspices of the 
Botanical Seminar of Michigan State College on Feb¬ 
ruary 14. He spoke on “Some life Cycles of the 
Busts in Comparison with those of the Red Seaweeds.” 

Dean Frank C. Whitmore, of the Pennsylvania 
State College, spoke before the Central Pennsylvania 
Section of the American Chemical Society on Febru¬ 
ary 16 on “Some Unorthodox Organic Chemistry,” 
and on the same subject on March 1 before the Kan¬ 
sas City Section of the American Chemical Society. 

De. Haiklak T. Stetson, director of the Perkins 
Observatory of Okdo Wesleyan University, addressed 
the Chicago Astronomical Society on February 8 at . 
the Adler Planetarium, on “The Correlation of Solar 
Activity with Radio Transmission.” On February 5,4 
he lectured before the Rittenhouse Astronamioal So¬ 
ciety at the Franktin Instituto, Philadedphia, on 
“Some Cofliing Problems of Cosmic Astronomy.” 

On February 17 Dr. Arthur D. Little broadcast * 
ten-minute talk On “Industrial Research,” this bqiiig , 
one of the series of scientific talks sponsored by r 
General Electric Comply in recognition 




^eetrioal indnstry^g debt to iwientiEc research. In 
the afternoon of the aame day, he spoke before the 
weekly eolloquium of the Research Laboratory at 
Schenectady on ^^Some Professional Experiences.” 

Pbojpessob Auoitstk Pkxiari), of the University of 
Brussels, gave a Norman Wait Harris lecture at 
Northwestern University on February 35 on ^^Explor¬ 
ing in the Stratosphere.” 

Sib William B. Hakdy, director of food investiga¬ 
tion, department of scientire and industrial research, 
gave the Trueman Wood Memorial Lecture before the 
Royal Society of Arts on February 22, on ^^Industrial 
Research with Biological Material.” 

At the fifteenth annual meeting of Edison Pioneers 
on February 11, the formation of an International 
Edison Foundation was announced. The foundation, 
which has not yet been incorporated, plans to pro¬ 
vide fellowships in physics and chemistry in univer¬ 
sities of the United States and other countries. Amer¬ 
ican graduate students will be sent abroad and foreign 
students will be brought to the United States to con¬ 
tinue their education in physics and chemistry. Dr. 
Arthur El. Kennelly, professor emeritus of electrical 


engineering at Harvard University and the Massachu¬ 
setts Institute of Technology, is chairman of a com¬ 
mittee of three appointed to confer on the fellowships. 

Recbnt action of the Rockefeller Foundation has 
approved a grant for two years, ending July 1, 1934, 
for a sum not to exceed $20,000 to supplement the 
funds of the Ohio Wesleyan University for the main¬ 
tenance of the scientific program of the Perkins Ob¬ 
servatory. * 

A GIFT of £500 from the Rockefeller Foundation 
has been made to the Molteno Institute of Parasitology 
of the University of Cambridge, for the purchase of 
instruments and for assistance in connection with in¬ 
vestigations carried on by Professor Keilin. 

According to the Journal of the American Medical 
Association the Thomas W. Salmon Memorial Com¬ 
mittee of the New York Academy of Medicine an¬ 
nounces that small grants are available to physicians 
and others who are engaged in research work in the 
field of psychiatry, mental hygiene and child gui¬ 
dance. Workers who are interested in receiving such 
grants may apply to the committee, 2 East One Hun¬ 
dred and Third Street, New York, 


DISCUSSION 

IS IT “FAIR TO SAY THAT HOOKWORM work and to modify tho methods of treatment and of 


DISEASE HAS ALMOST DISAPPEARED 
FROM THE UNITED STATESr 
I. Intfoduotion 

Since 1930 I have motored about 10,000 miles 
through the Gulf-Atlantic states, chiefly in tho sand- 
land districts. These trips have given on oppor¬ 
tunity to compare present oopditions with those of 
the earlier years of the century and to converse with 
people of all walks of life. 

, A striking point in these conversations has been 
tho number of persona who believe that hookworm 
disease has been eradicated from this country and 
who cite as authority newspaper reports allegedly 
based on statements attributed to the Rockefeller 
, Foundation. 

The Thirteenth Annual Report (1927—for 1926) of 
the International Health Board of the RockefeUer 
Foundation contains in fact (pp. 5-6) the following 
paragraph: 

The disaaaw that the Board has chosen for special 
attention have been world-wide in their distribution and 
of great economie importance. Field research in the 
epidemiology of hookworm disease has advanced IsnowU 
edpe concerning the life history of the hookworm, both 
free-Uving larval form and in its adult relationship 
^ ^ host, so that we now have a much better under- 
Of the disease^ This knowledge has miabled 
to the.deld of control 


prevention to sucli an extent that the former administra¬ 
tive methods of control have been revolutionised* The 
resuXis have been extraordinarily successful. At the 
present time it is fair to say that hoolcworm disease has 
almost disappeared from the United States and is rap¬ 
idly coming under control in many parts of the world. 
But the great achievement is not the social and economic 
rehabilitation of the more than six or seven million 
people who have been treated for the disease during the 
past ten or fifteen years; it is the development of ad¬ 
ministrative measures that will prevent millions yet 
unborn from ever suffering from its ravages. (Original 
not in italics). 

Until recently I had no idea that so many people 
had taken the Foundation's report seriously, but dur¬ 
ing these recent trips I had to combat it so frequently 
that I wrote to Mr. Rockefeller, Jr., placed before 
him evidence as to the wide distribution of the disease 
in the Southern states, offerdS to motor with a repre¬ 
sentative of his selection in order to collect additional 
data' for him, and urged him to take steps to modify 
the claim published by tho Foundation. My letters 
were referred to the directors of the International 
Health Division, but up to date no retraction or 
modiftoation has come to my attention. 

n. Analysis of the Foundation's Claim 

The three essential points in the claim are: 

(1) Important discoveries in the biology of hook- 
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worm: On pp. 62-72 are cited observations (regard¬ 
ing^ : 1 temperature, 2 moisture, 3 soil, 4 fermentation, 
5 water in bulk, 6 salt) in connection with which the 
thought arises whether these are the points of “ad¬ 
vanced knowledge”; at least, these arc presented in 
a way that the reader (if not familiar with the litera¬ 
ture on the subject) might easily conclude that they 
are new discoveries. 

All six are repetitions (in new localities) of obser¬ 
vations made 35 to 40 or more years ago. 

(2) Revolutionised administrative procedures in 
control: On pp. 62-72 of the report are cited four 
control measures (1 shoes, 2 sanitation, 3 education, 
4 treatment), but by no stretch of the imagination 
can these be called new. According to p. 62 of the 
report the egg-count method “has revolutionized ad¬ 
ministrative methods of control of the disease.’' 

Accepting this as the basis of the “great achieve¬ 
ment” mentioned on p. 0, the point may be raised that 
only two Southern states (Alabama and Tennessee) 
have published surveys based on this technique w^hile 
officials of the Boards of Health of five Southeni 
states have informed me that they do not use the egg- 
count method. 

The word “delimit” (p. 6) together with the dis¬ 
cussion (pp. 62-72) seems to indicate that the so- 
called “Alabama Plan” is part of the revolutionized 
method of control. The “Alabama Plan” was indeed 
revolutionary but it was short lived. It was tried out 
in a few counties and was promptly abandoned. 

A practical question arises, namely: What “gov¬ 
ernmental agencies” applied these “extraordinarily 
successful” administrative methods in counties which 
have no health unit? Only county, state, and national 
health agencies come into consideration. Of the sixty- 
seven counties in a certain Southern State, only four 
have full-time units; neither the State Board of 
Health nor the U. S. Public Health Service applied 
revolutionary methods in the sixty-three other coun¬ 
ties. It is estimated that less than five per cent, of 
the rural population of this particular state has whole¬ 
time local health service; who served the other ninety- 
five per cent.? Surely neither part-time health 
officers nor county physicians could accomplish the 
“great achievement” claimed by the Foundation. 

(3) “If is fair to say that hookworm disease has 
almost disappeared from the United States.^^ Rather 
definite information is available which, unfortunately 
and to my profound regret, does not square -with this 
enthusiastic claim. See III. 

III. Hookworm Disease in the Gulf-Atlantio 
States 

In a recent publication (1932) I have summarized 
the hookworm situation as follows. 


(1) The extreme case known as the “dirt eater“ la 
much more rare now than from 1902 to 1910. (I have 
seen less than fifty in the past two years.) 

(2) In general, the cases are much lighter than when 
tlie work first begun in 1902. 

(3) The disease has been reducod both in intensity 
and somewhat In extent, but 

(4) The job has not been completed. 

The fundamental problem in liookworm control is not 
a question of bookkeeping or microscopic examinations, 
but requires a change in the daily habits of hundreds of 
thousands of rural whites, Indians, and negroes. 

In studying the prevalence and importance of hook¬ 
worm disease tliree methods are used according to 
circumstances and the individual preference of the 
workers: 

(1) Diagnostic microscopic examinations : Through 
courtesy of the State Boards of Health I was able to 
summarize the results of 121,388 recent (1929) exauu- 
nations in Alabama, Arkansas, Florida, Georgia, Ken¬ 
tucky, Mississippi, Tennessee, Virginia, and West 
Virginia; 34,131 of the specimens (or 28.1 per cent.) 
were “positive.” 

(2) Egg-counts: Otto and Cort,^ two leading 
apostles of the egg-count technique, have summarized 
evidence gathered (in Virginia, Tennessee, Kentucky, 
Florida, and Alabama) by themselves and “by several 
members of the International Health Division” and 
they conclude that hookworm disease has not almost 
disappeared from this country. 

Havens,® of the Alabama State Board of Health 
(and an apostle of the egg-count method), says that 
“in the southern counties of Alabama—bookworm 
control—still is a major public health problem,” 

(3) Symptomatic inspection: During a motor trip 
of 6,524 miles^ with one assistant I examined 18,649 
white children in 98 graded schools, using the method 
of rapid symptomatic inspection (in which my per¬ 
sonal theoretical error is about 17 per cent, as checked 
by the “smear method”); 6,063 of these children (or 
32.5 per cent.) showed symptoms in harmony with 
hookworm disease; deducting 20 per cent, as 
theoretical error, the corrected estimate is 26 per cent. 

In five rural schools in one county, I have more re¬ 
cently examined 429 white pupils, 266 (or 62 per 
cent.) of whom showed symptoms in harmony with 
hookworm disease; deducting 20 per cent, as theoret¬ 
ical error, the corrected estimate is 49.6 per cent. 

IV, Summary 

In view of the foregoing (and other) data I am 
constrained to take issue with the hookworm experts 

1 Public Health Heports, Aug. 1, 1930. 

a Jowr. Amer, Med. Assn., July 11, 1931. 

s *7. Med. Assn. Alabama, Jan., 1983. 

s Southern Med: Joum., 1982, 189-192. 
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of 61 Broadway, and to submit that their claim is 
not ^^fair/' in fact, it has done harm in certain 
localities. 

V. Conclusion 


Not only a scientific but also a great moral and 

humanitarian issue is involved. It is to be regretted 

that the Rockefeller Foundation has not complied with 

a duty it owes to the rural children of the South, to 

the scientific world, to itself and to Mr. Rockefeller 

(Senior and Junior), frankly and publicly to modify 

its ex cathedra claim in harmony with facts. 

Economics, education, welfare, health and even 

human life arc involved. ^ 

Cu. Wardell Stilks 

Winter Park, Florida 


CAN A PUBLICATION BE CAMOUFLAGED? 

The pensistonco of the faith that in some mysterious 
manner material may be distributed to the public 
without being published, by the mere device of 
mimeographing instead of jjrinting, was again illus¬ 
trated at the Atlantic City meeting. In at least two 
societies during discussions of the still vexed question 
of publishing abstracts, ^‘mimeographed’^ as a sub¬ 
stitute for **printed” abstracts were urged on the 
alleged grounds that ^^publication” would thus be 
avoided. 

In his discussion ^‘What is a Publication?”^ Storcr 
points out that the method used in reproduction has 
no bearing on the question of publication. He cites 
among other examples the experience of the Biological 
Survey with Bird Banding Notes, a mimeographed 
publication which when it was initiated bore a note 
on the first page of each issue—^‘Bird Banding Notes 
is not a publication and is not for general distribu¬ 
tion.” In spite of this, however, the scientific value 
of the contained matter soon became evident and the 
material was cited by other investigators. I am 
further informed by the Biological Survey that Bird 
Banding Notes is now being sent regularly to Bio¬ 
logical Abstracts at the request of the editor of that 
review journal. 

The Plant Disease Reporter is a case in point. This 
mimeographed serial was established in 1917, as a 
means of making readily available to working pathol¬ 
ogists incidental information thought to be of transient 
rather than of permanent interest and which should be 
placed in their hands more quickly than was possible 
through any available printed medium. The result 
was a collection of mimeographed notes, the popular¬ 
ity of which was immediately attested by the material 
presented as well as by the demands for the Bulletin, 
as it was then called. In 1923, to still further em¬ 
phasize the informal nature of the series, the name 
was changed to Reporter. In spite of this, the actual 

1 SCMNoa, a. s., 76: 486-487, 1932. 


scientific value of the material included has been 
abundantly attested by its repeated citation in regu¬ 
larly printed scientific literature and by numerous re¬ 
views of its contents in the Review of Applied 
Mycology everywhere recognized as the standard re¬ 
view journal for mycological and plant pathological 
literature. 

It is obviously possible for a group of workers in 
a limited field, for example, taxonomists, to bind 
themselves not to recognize species" published by a 
particular method or for that matter in a special 
group of languages or in a particular color of ink. 
But general scientific matter disseminated in any form 
available for more or less permanent record is cer¬ 
tainly scientifically published, whatever the method of 
duplicating employed. ^ Stevens 

Bureau or Plant Industry 
Washington, D. C. 

THE AGE OF METEOR CRATER 

In Science,^ Professor Black weld or proposes that 
the Coon Butte crater in Arizona is of the Post- 
Tahoe epoch, some forty to seventy-five thousand 
years old. This decision is supported primarily by 
the evidence of the lake bed in the crater proper. 
However, in connection with tlie lake-bed a statement 
IS made that I feel needs some correction. On page 
559, Dr. Blackwelder states concerning a layer of 
rhyolitic ash in the lake bod: “The bed of volcanic 
ash is plainly the record of an explosive eruption 
somewhere in the south-western arid region. No such 
eruption is known to have occurred since Pleistocene 
{late glacial) times. If the age of this shower is 
ever determined it may afford important evidence re¬ 
garding the age of Meteor Crater.” (The italics are 
mine). It happens that the date of the shower men¬ 
tioned is probably known accurately. At a meeting 
of anthropologists in Santa F6 during September, 
1931, the Arizona University party reported the dis¬ 
covery of pit houses filled with ash, not too distant 
from the Meteor Crater. Wood was recovered from 
these and has been dated by Dr. Douglass, using his 
tree-ring calender. It had been buried by an eruption 
that took place in the neighborhood of 793 A. D. If 
the two showers are identical, then Barringer’s dating 
of 2,000 to 3,000 ye^rs ago is probably the most 
acceptable of all. ^ 

Much supporting evidence for the inter-glacial dat¬ 
ing’is ^rawn from the formation and degradation of 
the talus slopes. I feel strongly that we can not draw 
analogies from tlie formation of talus where the only 
agents are those normal to a moist and colder climate. 
There is no doubt in my mind that the talus slopes 
were built up by the impact and explosion and not by 
the usual forces that disintegrate cliff faces. 

1 Vol. 76; No. 1981, pp. 557-560, December 16, 1932. 
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However, Dr. Blackwelder^s evidence of the deeply 
oorroded limestone blocks must be explained before a 
modem dating can be satisfactorily applied to the 
meteor fall- Whether or not sufficient heat could 
have been generated to partially calcine the blocks 
and thereby render them ])rone to rapid corrosion is 
debatable, but is still a possibility. If such calcining 
took place, the advanced state of corrosion might have 
resulted in a matter of months, even with little rain¬ 
fall. 

All in all, it seems that the date of the great 
meteor's fall is still much in doubt. Whether the fall 
was recent, as Barringer suggests, or ancient, as 
Blackweldcr holds, depends upon which way you wish 
to interpret the known facts. I agree with Bluck- 
welder that the layer of volcanic ash in the lake will 
play a great part in settling the point. Dr. Douglass' 
date on tlie ash fall that buried the timbers of the 
Arizona pit houses and subsequent similar information 
that will be mas.sed in the near future will be key¬ 
stones to the problem. 

F. Makttn Brown 

Fountain Valley Hchool of Colorado 
Colorado Springs, Colorado 

THORNDIKE'S PROOF OF THE LAW 
OF EFFECT 

As one of “the great majority of psychologists" 
,who have criticized Thorndike's “law of effect,'" for 
which he now presents a positive proof,® I venture to 
suggest that this law is insusceptible of proof except 
on premises which many psychologists, and also many 
biologists, will not accept. 

The statement that a "satisfying after-effect 
strengthens directly the connection producing it" can 
be maintained only under the assumption that a course 
of behavior consists of a humber of separate and dis¬ 
crete acts; whereas, if the fundamental premise of all 
behavior he Coghill’s principle that “the behavior 
pattern expands from the beginning throughout the 
growing normal animal as a perfectly integrated 
unit,"^^ all end-effects are eonsuramatory, and it is 
not permissible to rule them out of experiments such 
as Thorndike records. Furthermore, Thorndike’s re¬ 
port that the effect of a reward is noticeable in the 
unrewarded results that occur in proximity to those 
that are rewarded supports the view that learning is a 
self-regulating proce^, the parts of which arc not 
discrete acts, but members of the whole unit oJ action. 

What Thorndike’s experiments seem to demonstrate 
is the effectiveness of learning without recourse to 
“repetition or frequency of occurrence, recency, in- 

1 C/., Psyoh. Bev., 20: 188 1913. 

3 Science, 77: 173. February 10, 1933. 

G. E. Coghill, Arch, of Nenr, and Payohiat, 21: 
989. 1929. 


tensity." What they do not demonstrate is that con¬ 
ditions have been equalized in respect of “finality, or 
consummatorinesB, tendency to attain equilibriatn and 
other features of the process [that] have been alleged 
to be adequate to explain the strengthening of oonneo- 
tions." They do not demonstrate inadequacy of these 
last-named features, because these features suggest a 
dynamic interpretation at variance with Thorndike's 
assumption that learning consists in strengthening con¬ 
nections between parts otherwise discrete and inde¬ 
pendent. 

Thorndike, himself, suggests the necessary correc¬ 
tion to his theory when be states that “a satisfying 
after-effect strengthens greatly the connection which 
it follows directly and to which it belongs^^ (italic^ 
mine). As has been pointed out by other critics,* it 
is not pleastire but success which stamps in the right 
action; and it may be said to do so because the whole 
process is from the beginning a “perfectly integrated 
unit," Although the process may be disrupted, so long 
as learning is taking place every achievement is a 
oonsummatory process, the end-effect of which is one 
of finality because equilibrium has been attained. The 
end-effect “belongB" to what has gone before because 
it is an integral part of the entire unit of action. It is 
therefore not an “after-effect" of this action. 
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THE EARLIEST DATED DWELLING IN THE 
UNITED STATES 

About the year 660 A. D. some timbers were cut on 
the slopes of the Ban Francisco Mountains in Arizona 
and used in a dwelling. Twelve of these timbers, 
now a mass of charcoal, have been dated by tree-ring 
studies and have given us the earliest date for an 
American home. This dwelling is 124 years older 
than our previously dated oldest dwelling. 

The site from which the charred timbers were se¬ 
cured was a rectangular pithouse (N, A. 1631), be¬ 
longing to the period in Southwestern archeology 
known as Pueblo I. 

Previous to this time the earliest dated dwelling in 
the Southwest was a pithouse occupied in 784 A. D. 
This belonged to the period called Pueblo II. We 
have now not only the earliest dated house but also 
the first reported date in Pueblo I. 

These earliest dated pithouses were excavated by 
the Museum of Northern Arizona, Flagstaff, Arizona^ 
under the direction of Lyndon L. Hargrave, J^eld 
Director and the timbers dated by John C. McGregor, 
curator of dendroM^hroaology. haboi^, S. Cowos 

Museum or Noa’mEaN Abizoka 


^Cf,, H. Oaaon, Bev., 8^; 440, 1932; M. H. 

Trowbridge and H. Cason, /ow. of Gm. 7; 248, * 

1282 ; BTc. Tolman, G S. HgU aa4 E. F. BretnhU, ^7^, - 
c/Psyoh., 16: ,601, 1922, s ; 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A HOME-MADE ELECTRICALLY-DRIVEN 
PSYCHROMETER 

Because of the inaccurAcies of the hair hygrometers 
used in our work, the need has developed for an 
accurate and convenient means of making humidity 
determinations in small enclosures where a sling 
psyohrometer can not be used. For this purpose an 
eleetrioally-driven psychrometer was constructed (see 
Fig. 1), using the thermometers from an old station¬ 



ary psyohfometer mounted on a frame to which is 
attached a small electno hair dryer. When the motor 
is ruimingi air is sucked over both wet and dry bulbs, 
and readings may be taken after approximately two 
minutes. 

Instruments operating on this principle are on the 
market; but those that have oome po our attention 
are high in price and too large for our needs. This 
home-made instrument; the parts of which oost lees 
than $10; was assembled for the purpose of testing 
its oonvenienoe for our work, but without attempting 
to perfect it as a precise laboratory instrument. 

Many improvements are obviously desirable. The 
^emometetB should be at least as accurate as those 
of a good grade sling psychrometer, and graduated 
on a soale to be read to one half degree F. The 
moreury oolumns should be easy to see under un- 
conditions, as through &e glass door of an 


incubator. For compactness the scale should cover 
only the usual temperature range of the work. A 
suitable suction device is of primary importance for 
furnishing an air current of as high velocity as pos¬ 
sible, consistent with small size and freedom from ex¬ 
cessive heating. As pointed out by Carrier and 
Lindsay^, the wet bulb error may increase markedly 
at reduced air velocities. In assemlibng the instru¬ 
ment the thermometers sliould be so placed as to pre¬ 
vent evaporation from the wet bulb wick influencing 
the dry bulb, or either of the bulbs being influenced 
by motor heat. If the air is drawn over the bulbs 
from a direction other tlian that of the operator, 
the chance will be largely removed of influence; from 
body heat or moisture when the instrument is used 
m the open laboratory. 

The electric psychrometer was checked against a 
sling psyclirometer under varying conditions and 
found in close agreement, particularly as to wet bulb 
temperatures. The discrepancies that occurred were 
such as might be ascribed to the character of the 
thermometers of the electric instrument, which were 
difficult to read with accuracy closer than one degree, 
and which showed errors in the dry bulb reaifiugs 
when checked in our chemistry department against 
an accurate laboratory thermometer. The influence 
of motor heat on the thermometers did not become 
apparent dntil some time after the maximum wet 
bulb depression, and then chiefly in enclosed spaces. 
An increase of one degree in both the dry and wet 
bulb readings was observed in a small incubator after 
five minutes’ operation, but this would obviously moke 
but little change in humidity determinations. 

Our use of the instrument has been mainly in check¬ 
ing the hair hygrometers in our breeding cages and 
incubators. It has been found desirable to check each 
hygrometer individually under the usual conditions 
where it is kept. This avoids the possibility of dis¬ 
turbing the adjustment by handling, and makes it 
unnecessary to keep the hygrometer out of use for 
several hours for complete response to changed 
humidity conditions before an accurate test can be 
made. As some of the hygrometers have shown large 
errors in soale readings whoa calibrated over a wide 
range of humidities, and as it is not yet known 
whether these errors remain constant for any length 
of time, it has seemed best to make tests frequently 
and at the usual incubator humidity. 

Thit electric instrument would appear to make 
praorioable the use of a stationary psychrometer in 

i^^Temperatures of Evaporation of Water into Air," 
W. H. Carrier and D. C. Lindsay. Trans. Aw. Soc. 
IfechnnicoZ SngUteers, 1924, vol. 46, p. 739. 
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an incubator in which the air circulation is oonatant, 
by establishing the difference between the Wet bulb 
reading at the regular incubator air velocity and the 
maximum wet bulb depression. This difference ap¬ 
plied as a correction to the observed stationary wet 
bulb reading should give an approximate humidity 
determination. Frequent checking would be advisable 
to correct for any changes in air velocity or reduced 
evaporation from the wet bulb wick. If the incubator 
temperature and humidity vary only in narrow limits, 
a few readings at various points should fonn the basis 
of a Simple chart for approximate corrections. If 
the air movement is not subject to variation by reason 
of material introduced into the incubator, the station¬ 
ary psychrometer may be jilaccd at any convenient 
point. Otheiwiae it should be located close enough to 
a fan to insure a constant current over the bulbs, re¬ 
gardless of changes of air circulation in the main 
body of the incubator. With low air velocities, it is 
particularly important that the thermometer bulbs be 
protected against any varying source of heat, as from 
the fan motor or the incubator heating elements. A 
stationary psychrometer has been in use in this way 
in an incubator for a short period with apparent suc¬ 
cess. The humidity determinations with this instru¬ 
ment may be more accurate, and certainly less erratic, 
than those obtained with our hair hygrometers, par¬ 
ticularly in an incubator in which the frequent open¬ 
ing of the door tends to keep the hair instrument con¬ 
tinually out of adju.stmeiit during the day. 

For general use about the laboratory or insectary 
the electric instrument has advantages over the sling 
peychrometer in reducing the danger of breakage, 
and in ease of reading, as the thermometers may be 
read while the motor is running and the wet bulb 
held constant by the air current. Its special adapta¬ 
bility for use inside small enclosures makes it seem ah 
instrument that is worth perfecting for entomological 
work. 

J. F. Townsenp 

AoRicunTURAn Experiment Station 
New Haven, CkiNNECTicuT 

THE CURRENT ROTOR 

Last summer, while engaged in a study of post- 
embryonic development of mackerel and other marine 
fishes at Woods Hole, Massachusetts, the authors used 
a simple device which enables one to change water 
without losing small organisms that live in the 
aquarium. The essential feature of the apparatus is 
a cylinder, A, of 60 mesh or finer monel metal screen 
suspended in a tank and rotated by means of an 
electric motor. Rotation of the cylinder when placed 
at one end of an oblong aquarium sets up a complex 
system of currents the direction of which is indicated 



in the accompanying illustration. Strong circular 
currents are formed in the immediate vicinity of the 
cylinder, while at the far end the water moves very 
gently. There is also a noticeable upward motion 
from the bottom of the tank. 

The speed of rotation and the corresponding 
strength of currents may be regulated by the speed 
of the motor controlled through a rheostat and by 
means of a set of pulleys of different diameters. The 
dimensions of the cylinder also affect the strength of 
the current produced and therefore should vary ac¬ 
cording to the size of the aquarium used. The 
cylinder shown here is 4 inches in diameter and 6 
inches long. About one inch is left above water. The 
tank is 26 x 15 x 14 inches. The bottom of the 
cylinder, B, is a celluloid or monel metal disk. Non- 
corrosive material should also be used for the sus¬ 
pension rod, C, and brace wires, W. The diameter 
of the pulley, P, is 12 inches. 

The water can be withdrawn from the tank throu^ 
a siphon, S, the upper end of which is placed inside 
the revolving cylinder. When the cylinder is in rota¬ 
tion small organisms never are actually drawn against 
its wall, because the centrifugal force throws them 
away from it. They are then caught up in the cir¬ 
cular currents and soon find themselves in quieter^ 
waters at the far end of the aquarium. In this man¬ 
ner the water in the tank can be changed without 
losing its inhabitants. 

When it is desirable to supply a constant flow of 
water this can be accomplished by placing the lower 
end of the overflow siphon, S, in a vessel, V, adjusted 
so that the top of it is level with the water in the 
aquarium. The water is introduced from a reservoir, 
in which it is kept at constant level. If necessary 
the water from a laboratory faucet can bo filtered 
through glass wool to remove sediment and other 
foreign matter, 

The revolving cylinder not only provides for chang¬ 
ing water without losing small organisms that afe 
kept in the aquarium, but also by setting the water 
in motion it prevents the accumulation of the organ¬ 
isms and their sticking to the bottom. In this respect 
it can be used instead of a plunger jar. 

Paul S. Galtsopf 
Louslla E. Cablb 

U. 8. Bureau op Pishbsirb 
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THE HISTORICAL DEVELOPMENT OF RESPONSE 

PSYCHOLOGY^ 

By Profeaior HERBERT 8. LANGPELD 

PRINCETON UNIVEESITT 


Thbbe are, 1 ventore to say, few psyehologists of 
tbe present day so thoroughly mentalistio that they 
do not incorporate some form of motor response in 
their psyehologieal system. Where they differ is in 
the importance they attach to such responses and in 
the relation they believe exists between response and 
consciousness. The prevailing, and what might be 
considered the conservative view, is that response fob 
lows perception or ideas either as an effect or as an 
acoompaniment and that such conscious states are 
only affected by response in so far as such response 
stimulates p^priooeptors, which in turn set up an 
afferent impulse. Aoeording to this view, then, con- 
soioumiess lies, as it were, between the afferent and 
efferent impulses and consequently occurs before the 
IMipome, In a previons paper 1 have described 
ih view which m a ke s response an essential factor of 

and chairman of 6se- 
isoclation for the Ad- 
ty, peoember, 1088. 


^ of the vice*presldeiit 

" Ano^ean A 

i of Ikdence, Atiastie 0! 


consciousness.^ It follows from this position that 
without response there would be no consciousness. 
No matter how many or how strong are the stimuli 
and the resulting afferent impulses, without the effer¬ 
ent impulses and speciRc response, either incipient or 
overt, an organism would have no awareness of a 
world; so far as that organism is concerned there 
would be no experience. 

This view undoubtedly seems extreme to many 
soientists, but it does not in the least break with the 
past, nor is it new in any of its essential features. It 
is vdj purpose, then, in this paper to sketch briefly 
its historical development and to describe some of tbe 
more recent experimental findings which seem to sup¬ 
port it I should say, at the outset, that many of 
autboacs of the past, especially those who wrote before 
the binh of experimental psychology, made but brief 
reference to such a view, and no one of them devel- 

• H. Xjangfeld, ' ‘ A Response Interpretation of Oon- 

Psychol Rev., 08s 87-108, 1931. 
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oped a consistent and thorough response theory. But 
it is fair to assume that oven a chance remark from a 
respected philosopher or scientific man has often had 
a strong influence on the future of thought. 

There are many of our present psychological con¬ 
cepts whose roots can be traced to the early Greek 
philosophers. In support of our present thesis we 
find Platons identification of thought with inner 
speech. Inner speech, however, can as well be ac¬ 
cepted by the mentalist as by the response psycholo¬ 
gist, for the remark may simply mean that we hear 
ourselves think and need not necessarily refer to in¬ 
cipient response of the vocal organa. Therefore, 
unless we wish to force the interpretation of Platons 
statement, one can only assume that at best it was 
merely a faint but nevertheless fruitful suggestion. 
Parmenides, before him, however, wrote in no uncer¬ 
tain terms. He does not even mention vocal response, 
but takes us at once to the gross movements of the 
organism. “For just as thought finds at any time the 
mixture of its erring organs, so does it come to men, 
for that which thinks is the same, namely, the sub¬ 
stance of the limbs, in each and every man; for the 
highest degree of organization gives the highest de¬ 
gree of thought.’^^ Not only did Parmenides plainly 
identify thought with motor response, but he oven 
went furtlier and, to recast the statement in modem 
terms, correlated degree of intelligence with degree 
of muscular coordination, which was the underlying 
idea in some recent investigations of the relation of 
intelligence scores to the speed of reaction. 

Many centuries later, La Mettrie referred to the 
identification of thought, or as he called it “faculties 
of the soul,” with the (organization not only of the 
brain but of the entire body,* He further stated 
“that thought is so little incompatible with organized 
matter, that it seems to be one of its properties on a 
par with electricity, the faculty of motion, impene¬ 
trability, extension, etc.'”* This, the basis of his 
materialism, is a very general statement. A more 
specific reference to a response theory is his remark 
that “the brain lias its muscles for thinking, as the 
legs have muscles for walking,”® Such a phrase 
would be highly fantastic from any other point of 
view than a motor concept of thought, and even his 
sharpest critic would hardly accuse La Mettrie of 
phantasy or mysticism. 

In much of the literature upon motor response, 
kinesthesis plays an important if not a leading role. 

* J. Burnett, ‘'Early Greek Philosophy,'’ 2nd edition, 
1^08, p. 202. The last clause is 0. II. Lewis's transla¬ 
tion in his ‘ ‘ B||»gTaphical Hikory of Philosophy,' ’ 1906, 
Parmenides, 61 “52. 

♦ La Mettrie, “Man a Machine," p. 128. Chicago, 
Open Court Pub. Co., 1912. 

/bid., pp. 143-144. 

fl Ibid., p, 132. 


- There is, in such instances, it seems to me, a smrious 
confusion, as I have explained elsewhere.^ Aeeord- 
ing to a thoroughgoing motor theory, perception is 
identical with the response system, not a consequence 
of it, and kinesthesis, being a perception, must there- 
. fore itself be identified with such response. The 
motor theory does not in any way depend for its 
verification on introspective reports of kinesthesis. 
Even if we never had a perception of the feel of our 
muscles, the motor theory would in no wise be in¬ 
validated. As a matter of fact, relative to the total 
perceptual experience of the individual, kinesthesis is 
a rarity and, further, it is obvious from what baa just 
been said that for a psychologist to dwell upon the 
function of kinesthesis does not in itself class him 
as a response psychologist. If such were the case, 
there would be very few psychologists who do not fall 
under that category. In short, kinesthesis can as well 
fit into on affcrent-perception-effercnt-response theory 
as into a response or motor theory. And so when 
Erasmus Darwin stated in his “Zoonomia” that “the 
organ of touch is properly the sense of pressure, but 
the muscular fibres themselves constitute the organ of 
sense, that feels extension,” he does not commit him¬ 
self to any particular theory.® It is difSicult for us 
to-day to interpret accurately this statement which, 
in the light of our finer distinction oi terms, appears 
to us ambiguous, and this holds for several other 
authors I shall quote, whose descriptions are in sen¬ 
sory rather than motor terms. When, however, he 
further states that . . the whole muscular system 
may be considered as one organ of sense, and the 
various attitudes of the body, as ideas belonging to 
this organ,” there can be little doubt that he attached 
much importance for consciousness to the motor side 
of the total organic response. 

Professor L. Carmichael in his article on Sir 
Charles Bell® has shown how amazingly broad and 
prophetic wore that scientific man's views on physi¬ 
ology and psychology. It is not surprising, there¬ 
fore, to find that Bell was cognizant of the important 
rdle of muscular action in perception, especially in 
the experience of space. In his book on “The 
Hand”^® he remarks that “without a sense of muscu¬ 
lar action or consciousness of the degree of efPort 
made, the proper sense of touch could hardly be an 
inlet to knowledge at all." Just as in one of the 
above statements of Darwin, so here it is not clear 

7 H. B. Langfeld, ‘ ‘ A Besponse Interpretation of Oon- 
sciousness.'' 

»Erasmus Darwin, “Zoonomia, or the Laws of Or¬ 
ganic Life," Vol. 1, Sect. xiv. London, 1794, 

s L- Carmichael, ‘ ‘ Sir Charles Bell: A Oontributioii to 
the History of Physiological Psychology," Psychol. Bee., 
33; 188-217, 1926. 

10Sir Charles Bell, “The Hand," Loadoa, WiUiam 
Pickering, p. 195, . 1833. 
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to vlwt extent reference is made merely to kinestbetio 
fensationfl. Further, it is not safe to oonclude that 
Bell believed the sensation of touch to be dependent 
upon motor experience. I am inclined to think, 
rather, that he had in mind touch localisation. Cer¬ 
tainly, when he stated that is to the muscular ap¬ 
paratus and to the oonelusions we are enabled to draw 
from the consciousness of muscular effort, that we 
owe that geometrical sense by which we become ac¬ 
quainted with the form, and magnitude, and distance 
of objects,” he is referring to the genetic theory of 
space based upon movement.^^ Although there may 
be some doubt from these earlier writings of Bell’s 
adherence to the notion that movement is a sine qua 
non of touch perception, there is little possibility of 
mistaking his meaning in the article he wrote some 
twenty years later, entitled '*On the Necessity of the 
Sense of Muscular Action to the Full Exercise of the 
Organs of the Senses.”” The title itself is clearly 
indicative of his position, and Carmichael has pointed 
out that Bell believed that the stimulation of the sen¬ 
sory nerve was not sufficient for a perceptual experi¬ 
ence. Something more is necessary, namely, muscu¬ 
lar movement.^* In other words, Bell held that the 
total afferent-efferent system is a true correlate of the 
perception. 

Seven years before Bell wrote this last-mentioned 
paper appeared Baron von Holbach's English trans¬ 
lation of the “System of Nature,” the original of 
which was published in 1770. In it he expressed the 
view that consciousness depends upon organization 
and specific action. He speaks in the language of the 
time, but the thought is distinctly modem in that he 
emphasizes action patterns. “To convince ourselves,” 
he wrote, “that the faculties called intellectual are 
oxily certain modes of existence, or determinate man¬ 
ners of acting which result from the peculiar organi¬ 
zation of the body, we have only to analyze them: 
we shall then see, that all the operations which are 
attributed to the soul, are nothing more than certain 
modifications of the body, etc,, This remark 

refers not only to the doctrine that the mental does 
not exist without the physical, but also that response 
is a necessary factor. 

In the beginning of this same century, 1801, 
Destutt De Tracy, in hia “Elemens d'ldeologie,”^® 

11 Sir Oharles Be^ the MetionB of the Eye, in 
lUustratipn of the uies of the Muscles and Nerves of 
the PhU. Trans. Jfoy. 8oe. Land., pt, 1, p. 107, 

1888. 

Sir Charles BeU, the Necessity of the Sense of 
Mosenlar Action to the Full Exercise of the Organs of 
the Senses,” Proo. Soy. Boo. Sdinburgh, 961-863, 1842. 

a* 14. Oamlchael, ”Sir Charles BeO; A Contribution to 
the Sistory of Physiological Psychology,” p, 200. 

u Baron von Holbach, ^Systm of Nature,'’ English 
tcau^tion. ToL 1. p, 68, 1886. 

ztBeltutt Be ifraqy, ^JSUemens d'Ideologie,” Paris, 
CNf, xli, 1817. 


expressed Bimilar views of the direct relation of move^ 
ment to the mental. He considered “it certain that 
we cannot conceive of any perception produced in us, 
even the most purely intellectua], without some kind 
of movement in some one of our organs.” One might 
think from this statement that he was describing that 
relation of ideas to action, which later took the form 
of the ideo-motor theory; but from his further re¬ 
marks that wo can only regard action of thought and 
of sensing as a particular effect of the act of moving 
ourselves and that “this notion is worthy of serious 
coxisideration,” it is clear that he was not thinking of 
the possibility of movement always following an idea, 
but rather of the dependence of the idea on the move¬ 
ment. 

Of the work of the middle of the last century, 
Lotze’s theory of local signs and his genetic interpre¬ 
tation of space perception have a significant bearing 
on the motor tlieory. His idea that spatial localiza¬ 
tion depends on muscular movement moans that at 
least some quality of our mental experience is in 
direct relation to if not identical with response. It is 
true that Lotze spoke of “Muskelgcflihl” and thus in¬ 
vited the criticism that sensations of movement can 
not by some magical alchemy become visual percep¬ 
tions. We find here the old confusion, noted above, 
between kinesthesia or feeling of movement and the 
efferent iu^pulse and the movement itself. 

Alexander Bain described localization in terms very 
similar to those of Lotze, and unfortunately with the 
same confusion. He states; “An object seems to us 
to be up or down, according as we raise or lower the 
pupil of the eye in order to see it; the very notion of 
up and down is derived from our feelings of move¬ 
ment, and not at all from the optical imago formed 
on the back of the eye.” He comes very much closer 
to the present conception of the role of response when 
he writes: “And now, as to the sensations, or the 
proper mental elements of Sight. These are partly 
optical, resulting from the effect of light on the retina, 
and partly muscular, arising through the action of 
the various muscles. Nearly all sensations of sight 
combine both elements.”^® There is evidently here a 
direct reference to movement itself. Bain further 
specifically calls attention^to the function of the or¬ 
gans of speech and believes that “a suppressed articth 
hition is in fact the material of our recollection, the 
intellectual manifestation, the idea of speech.”^^ He 
also combats the notion that the brain is the seat of 
sense impressions and believes emphatically that the 
total nervous arc is necessary for oonsoiousnesa, a 
vW which was later elaborated by Professor John 

IS Alexander Bain, ”The Senses and the Intellect,” p. 
246, ith ed*. New York, Appleton, 1804. 
p. 857. 
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Dewey,^* In Baines words, . . nervous action sup¬ 
poses currents passing through these completed eir- 
oles, or to and fro between the central ganglia and 
the organs of sense and motion; and that, short of a 
completed course, no nervous action e^cists.”^^ Con¬ 
tinuing, he explains thought by the same nervous 
mechanism. After citing the example of persons who 
talk to themselves, he expresses the opinion so fre¬ 
quently quoted that “the tendency of the idea of an 
action to produce the fact shows that the idea is al¬ 
ready the fact in a weaker form. Thinking is re¬ 
strained speaking or acting.”*® 

George Henry Lewes recognized the importance of 
the motor processes as shown in his statement that 
“every psychical fact is a product of sense-work, 
brain-work, and muscle-work,but one can not say 
that he ever held to a strictly motor theory of con¬ 
sciousness. His remark that . . in all cases an 
action of some kind results; directly or indirectly, 
every sensation is completed in an action; and thus 
Action is the pole-star of even the most wide-wander¬ 
ing Speculation”** is evidently a formulation of the 
idco-motor theory. 

It is difficult to evaluate Machos contributions to 
the motor theory, for his statements are strangely 
contradictory. His “thought experiment,” so far as 
we can judge from his description, remains entirely 
in the realm of ideas. In connection with space, both 
visual and tactual, he recognizes the importance of 
the muscles and shows in some detail how they con¬ 
tribute to breadth, depth, right, left, symmetry, etc. 
If he had throughout been consistent with his state¬ 
ment that “the will to perform movements of the 
cyee, or the innervation to the act, is itself the space- 
sensation,”*’’ there would be no doubt that at least in 
spatial experience he was a thoroughgoing motorist, 
but ho later states that it is hard to decide whether 
“the innervation itself is the space-sensation, or 
whether , , . the space-sensation is before or behind 
the innervation.”*^ And further on he remarks, “In 
so far as wc have spatial perceptions, these depend, 
according to our theory, on sensations. What is the 
nature of these sensations, and what organs are ac¬ 
tive in connexion with them, we must leave an open 
question.”*® When he comes to the problem of time, 

w John Dewey, ‘‘The Reflex Arc Concept in Psychol¬ 
ogy/' Psychol Pev,, 3: 357-370, 1898. 

19 Alexander Bain, ‘ ‘ The Senses and the Intellect,'' p, 
355. 

30 Ibid., p. 358. 

31 George Henry Lewes, ‘ ‘ Problems of Life and 
Mind/' Vol. 1, p. 147, 1874. 

38 p. 145. 

*3 E. Mach, ‘ ‘ The Analysis of Sensations,'' p. 129. 
Tr. by C, M. Williams, C^ago, Open Court Pub. Oo., 
1914. 

34 Ibid., p. 170. 

'JA/hid., p, 184. 


a phenomenon which he would have had little diffl- 
oulty to explain in motor terms, he assumes a special 
time sense. In regard to music he clearly denies any 
function to the response mechanism, for he says, 
“Music can iio more come into being merely through 
the motor sensations accompanying musical perform¬ 
ances, than a deaf man can hear music by watching 
the movements of players.”*® It is evident from the 
above quotations that he started with a clear-cut 
motor concept and became less sure of it as he pro¬ 
ceeded. 

Georges Gubreuque in his article on “L’Intuition 
Motrioe” in 1898 remarked that Condillac’s great mis^ 
take was to onut from his statue the principal phe¬ 
nomenon which is necessary in the acquisition of 
sensation, namely, movement. He discusses in par¬ 
ticular the perception of space and numbers which he 
believes require movement for their realization. His 
notion that the concept of numbers and such mathe¬ 
matical constructions as infinity have their origin in 
the response mechanism seems well founded on fact. 
Similar ideas regarding the origin of mathematical 
concepts have appeared in recent writings, such as 
that of Dr. P. Chasliu.*^ In reference to space 
Dubreuque remarks that it is quite possible to have 
the perception of an empty space, that is to say, a 
space without objects. For even though there would 
be no tactile or visual sensations, there would still be 
motor sensations.** 

William James's dualistic view-point colored all his 
writings. It can not be said that he ever subscribed 
to a strict motor theory, even though he gave the 
motor processes a very important place in his psy¬ 
chology. Although not the originator of the princi¬ 
ple of the ideo-motor theory, his name is usually 
associated with the theory, due to the prominence he 
gave it. But the ideo-motor theory, as its name im¬ 
plies, presupposes the existence of conscious processes 
before the response, and merely asserts that response 
is an invariable consequence of idea. It is only in so 
far as this theory emphasizes the necessity of re¬ 
sponse that it is a contribution to the development 
of the motor theory. The same qualification must be 
made in regard to the James-Longe theory of emo¬ 
tion. Here, too, a dualism underlies the concept. If 
we could stop with the bare statement that the bodily 
responses are the emotions, that is to say, identical 
with the consciousness of the emotions, we would be 
justified in claiming James as a motor theorist. But 
James went on to explain that it is our consciousness 

3« Ibid,, p. 280. 

37 p. Ohaalia, “Essai sur la Mechanlame Psycholcgique 
des Operations de la Matb4matique Pure," Paris, 1926. 

asG. Dubreuque, “L'Intuition wotrice," Rev. 

46, p. 291, 1898. 
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of theae prooesses whieh constitute the emotions, in 
other words, that the afferent impulses back to the 
brain from the periphery are necessary for the con- 
soiousness of the emotion. Dr. Walter Cannon, it 
seems to me, was correct in rejecting this part of the 
theory, although on the basis of the motor theory 1 
can not agree that the response as such is not an in¬ 
tegral part of the physiological pattern of the emo¬ 
tions. It might be added that James comes very close 
to a motor theory when he stated that ^^no impression 
or idea of eye, ear, or skin comes to us without occa¬ 
sioning a movement, even though the movement be no 
more tlian the accommodation of the sense-organs; 
and all our trains of sensation and sensational im¬ 
agery have their terms alternated and interpenetrated 
with motor processes of most of which we practically 
are unconscious.”^^ This statement seems indeed to 
imply a step beyond the ideo-motor theory. 

Hugo Miinsterberg made a most signal contribu¬ 
tion to response psychology with his action theory. 
For him the response is a necessary factor for con¬ 
sciousness in that the degree of openness of the motor 
channels is in direct relation to the degree of vivid¬ 
ness of the mental process. Although Munsterberg 
did not identify response with consciousness, since he 
placed mental phenomena in another universe of dis¬ 
course distinct from that of physiological processes, 
and although he was concerned particularly with the 
one attribute of vividness of consciousness, yet he 
and his pupils were primarily interested in the re¬ 
sponse phase of experience in their experimentation. 

In 1899, Professor B. B. Breese, a pupil of 
Miinsterberg, gave a very clear and concise exposition 
of the motor theory. In his own words, “Conscious- 
nosa . . . depends for its existence and character 
upon the transference of sense stimuli into motor 
paths. This hypothesis considers the incoming, or 
sense stimulation, and the out-going, or motor inner¬ 
vation, as a single nerve process. There is no point 
of separation between them. The motor discharge is 
necessary in order that any central activity take 
place.”*® In experiments on retinal rivalry Breese 
found that the time of retention of the field before 
one eye was increased by the contraction of the mus¬ 
cles of the right or left side of the body respectively. 
From the results of his experiments on retinal rivalry 
he concludes that general, inhibition of the motor 
elements tends to inhibit consciousness/^^ He is even 
more emphatic when he states that '^the limitations of 
the motor adjustments become the limitations of 
thought,”** which means, if this is true, that we 

**W. James, Principles of Psychology,'’ p. 681, 
Vol. 8, London, Macmillan, 1901. 

*oPu B. Breese, **On Inhibition," Psychol, Bev, 
Monoo., 8: 47-48, 1899. 

•iftid., p. 68. 

vafhid., p. 62. 


should expect to find a correlation between thought 
and muscular coordination. In regard to the inhibi¬ 
tion of the spoken word during the learning of non¬ 
sense syllables by requiring the subject to count dur¬ 
ing the learning, Breese remarked that the increase 
of errors was not due to distraction but to the fact 
that the words could not find their natural expression 
in vocalization.** That is to say, the proper motor 
adjustment for the series was partially inhibited. 
Experiments recently conducted by; Mr. Michael 
Biankfort in the Princeton Laboratory on the role of 
the motor processes in learning seem to confirm the 
assertion of Breese that the distraction was not the 
main cause of the increase of errors. In Blankfort's 
experiment the subject performed an act of skill with 
one hand, while the other hand merely carried out 
simple tapping movements during one series and re¬ 
mained idle during the other series. There was a 
greater transfer of training from one member to the 
other when the hand not performing the main task 
was idle. Check experiments indicated that distrac¬ 
tion was not the cause of the difference. The expla¬ 
nation seems to lie rather in the fact that the other 
hand, when idle so far as a definite task was con¬ 
cerned, could carry out incipient responses similar to 
the movements of the hand performing the skilled 
movements, and was thus practising synchronously 
with the latter hand. 

Josiah Royce believed in the close relationship of 
ideas and ^ctivity. Thought, for him, is “our con¬ 
sciousness of an act or of a series of acts adjusted to 
an object, in such a wise as fittingly to represent that 
object, etc.”*^ lie believed further that our mental 
images of an object can not be separated from our 
response. It is not clear, however, just where Royce 
places the motor process, but it is fair to assume that 
he did not unequivocally identify motor processes 
with consciousness. 

Theodore Ribot throughout his writings insisted 
upon the importance of the rfile of movement in men¬ 
tal life. He has expressed himself most decidedly, 
perhaps, in hia “Psychologie de TAttention.”** He 
asks if “the movements of the face, the body, the 
limbs, and the respiratory changes, which accompany 
attention, are as is usually asserted merely effects, 
signs.” Are they not, on the contrary, he questions, 
“the necessary condition, the "indispensable factors of 
attention” t He holds the second thesis, for, as he 
says,’ “if one suppresses all movement one entirely 
inhibits attention.”*® He argues for a motor theory 
of attention in terms similar to those used by James 

/hid., p. 58. 

Josiah Eoyce, "Outlines of Psychology," p. 286, 
New York, Macmillan, 1906. 

»»Theodore Ribot, ^ * Psychologie de 1 'Attention,'' 
Paris, Alcan, 1906. 

a® Ibid., p. 82. 
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for the emotionB when he says that if a spectator at 
the opera could suppress all responses of the eyes, 
head, etc., what would remain of attention would be 
a very empty function, would in fact not be attention 
at all.^^ He further makes the emphatic statement 
that we must either assume elements of movement in 
ell cases of voluntary attention or admit that an ex¬ 
planation of the mechanism is impossibie.^^ 

During the first decade of the present century a 
number of French psychologists incorporated the 
motor theory in their explanation of mental phenom¬ 
ena. B. Bourdon®® attributes a secondary role to 
tactual and muscular sensations in the perception of 
fonn. As he uses the term sensation rather than re¬ 
sponse, it is probable that he had merely kinesthesia 
in mind. Dr, R. Nuel, on the other hand, is more 
explicit in his book on ‘‘La Vision.” “Tbe 'Visual 
phenomena,” he explains, “are entirely motor- There 
can be absolutely no question of visual consciousness 
in the infant before it has made bodily responses to 
visual stimuli.”*® 

Dr. N. Kostylcff tries to break from an explanation 
of experience in purely mental terms by his theory 
of reflexes. For example, in discussing abstract 
ideas, ho states that ^^it is only necessary to substi¬ 
tute for a psychological explanation the objective 
notion of reflexes in order that the general scheme of 
an objective explanation shall form a clear picture.”*^ 
Throughout his writings Kostylefl makes constant use 
of the term reflex, and it is unfortunately not always 
clear what he means exactly by this expression. In 
fact, one gains the impression at times that it may be 
one of those magical phrases which are supposed to 
solve all psychological problems. 

P, Souriau, writing about the same time as Kosty- 
leff, implies an acceptance of the response theory so 
for as the emotions are concerned. For example, he 
remarks that the drop of the mouth which is a sign 
of sadness is without doubt the sadness itself.** 

Professor Judd in a series of articles has explained 
the functional nature of the efferent response in a 
manner with which I find the theory I have expressed 
here and elsewhere to be in entire agreement. In 
criticizing the long-discarded innervation sensations, 
he makes it evident that the motor theory does not 
imply a direct representation in consciousness of the 
efferent impulse, but rather that consciousness is 
functionally dependent upon it. He rightly state 

aT Ihid,, 87-38. 

/bid., p. 73. 

a»B. Bourdon, '‘Ia perception visuelle de I'Espace/' 
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fitat the advantage of the innervation theory Vaa lost 
by calling the conscious processes innervation Sensa¬ 
tions. He regrets that no one had ^'asserted that the 
outgoing motor processes are indeed related to oon^ 
sciousness, but not in such a way as to arouse new 
sensations, etc.”*® In '^What is Perception T”** he 
describes the function of motor tendencies in spatial 
perception and in the “Motor Processes and Con¬ 
sciousness” the unifying functions of such tendencies. 
‘TJnity of percepts,” he writes, “and unity of ideas 
are . . . phrases which describe an aspect of oon- 
sciouaneas dependent on motor tendencies.”*® 

In the minds of the present-day psychologists, the 
motor theory is most closely associated with the 
names of Professor Washburn and of Professor Holt 
Space does not permit a review of the many impor¬ 
tant contributions to the subject which Washburn baa 
made, beginning with the book on ^'Movement and 
Mental Imagery.”*® Nor is such a review necessary 
in this plooe, since she has been extensively quoted in 
recent articles on response. Holt has not written so 
much directly on the motor theory, but the monistic 
view of consciousness and the identification of re¬ 
sponse with consciousness form the foundation of all 
his work. Perhaps the most concrete exposition of 
his view is to be found in the Supplement to “The 
Freudian Wish” on “Response and Cognition.” To 
quote one phrase from this chapter, “The volitional 
element in behavioristic attention will be, ... the 
process whereby the body assumes and exercises an 
adjustment or motor set such that its activities are 
some function of an object; are focused on an ob¬ 
ject.”*^ He goes on to show that the behaviorists in 
describing objective action are describing oonsdous- 
ness. 

Dr. Eugene Posoh’s psychology** is in close agree¬ 
ment with Holtzs views. Posch explains the higher 
mental processes as well as the sensations in terms (ti 
verbal and postural response, muscle tonus and in¬ 
nervation. At about the same time as Posoh, Dr. R, 
Miiller-Freienfels published his views on the nature 
of thought and phantasy. He also stresses motor 
responses bM essential to thought, but he does not 

4«0. H. Judd, *‘The Doctrine of Attitudes,^* Jmw. 
PhU,, Payehol and 8M. 5, p. 682, 1906. 

«0. H. Judd, ''What is Perception!" Jowr. PM., 
Pajfchol. and doi. Math., 6, 86-44, 1909. 

MO. H. Judd, "Motor Processes and Oonaeiousness/' 
Jour. Phil., Pspehol and SM. Math., 8, p. 91, 1900. ^ 

46M. Washburn, "Movement and Mental Imagery," 
Boston, B[oivbton MilHla, 1916. 

4TB. B. Holt, "The Indian Wish," p. 178, KeV 
York, Henry Holt, 1915. 

46 Posch pubHshed a book in Hungarian in 1910 Vlitoh 
was finiahed in 1911. I obtained bis views from aa 
article entitled "Umriss elner reaUstiseben Peycbolor' 
gie," Aroh, f. d. ga$. Piyobol., 1083, 44, 191-449;, til 
which he smnmarted the eontents of his . 
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oonaider th«a the e»sliuiT« condition ot mental proo- 
Posoh states that he is in accord with 
MliUer-Fraenfels, except in so far as the latter retains 
a remnant of ideational elements in his theory. 
Poach affirms that '^What one calls ideas, memory 
pictures, visual images, etc., can one and ail be en¬ 
tirely resolved in attitudes, poses, etc., and must be, 
if one is to pursue a realistic psychology/*^'* He 
holds to a strict monism and vigorously attacks the 
notion that mental qualities reside in the brain. 

Professor J. F. Daahiell has given a clear account 
of the identification of the whole nervous arc with 
consciousness. He translates the thought experiment 
of Mach into motor terms. In his words, ^'if, now, 
we recognize that the process of thinking differs from 
any other trial and error activity mainly in degree of 
explicitness, are we not presented with another phys¬ 
iological conception of thinking, an alternative to 
the iutra-oercbral conception. . . .t***^^ And on the 
subject of meaning he states that is my thesis that 
such abbreviated, anticipatory reactions aroused by a 
thing are that thing’s meaning/*^^ 

The phenomenon of empathy, as described by 
Lipps, Vernon Lee and others, is a striking example 
of the function of the motor processes and can only, 
it seems to me, be explained by the motor theory. 
The work of neither of the above-named authors, 
however, did more than suggest to future writers the 
possibility of such an explanation. Dr. H. Fried- 
lander, on the other hand, makes a contribution to 
both empathy and the motor theory in his description 
of the perception of weight when he states that, ^^The 
sensations in the arm, hand, and finger are almost 
entirely absent from consciousness and the object is 
filled with a 'sensory something* that appeared 
directly as the weight of the object. This weight 
fortned a unity with the visual appearance of oh- 
jectJ*^ It must be said, however, that Professor 
David Katz and his pupils, of whom Friedlknder is 
one, can not be classed as motor theorists. It is true 
that we find nmy statements like the above which 
could well have been written by an adherent of the 
motor theory. Katz, for example, states that "we 
produce quasi through our muscular activities charac¬ 
teristics such as roughness and smoothness, hardness 
and softness; we are really the creator of these quali* 
We also find them referring to movement as 
a form-giving factor and Uiey give many results of 

HUUer-Freienfels, ^*Das Denken und die Phan- 
tasie/' p, 10, Le^zig, Barth, 1016. 

BOB. Poich, ‘^tJmrias eiuer realUtlBcheU Psyeholcgle,*’ 
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FrfedUliider, "Die Wahmehmung der Bchwcre," 

PstrOhoh, 1920. 88, p. 180. See also my article, 
Interpretation of Oouseiouffiaesi," p. 98. 


their valuable researches which can well be inter¬ 
preted according to the motor theory, but they always 
refer to kinesthesis iu their own descriptions. 

In England Professor S. Alexander is the chief 
exponent of a motor theory and many of his writings 
are based upon this concept. It would be difficult to 
find a clearer account than the following; ‘'all knowl¬ 
edge from bare sensation up to the highest truth is 
revealed to our apprehensions and revealed through 
action.”®® And further, “The older writers used to 
say that afferent nerves conveyed sensations to the 
brain and mind, awakening there pictures which 
represent external things, upon which pictures we 
then behave appropriately. These pictures are my¬ 
thology, and exist only in the fancy of theorists who 
are not content with facta. What the afferent nerves 
convey to the brain is nervous (or mental) excite¬ 
ment It is the efferent or motor reaction (always 
in their continuity with the afferent process) in which 
these excitements discharge in virtue of which we ap¬ 
prehend the qualities of external things.”®'^ 

Dr, M. J. Piaget emphasizes the importance of 
motor response in the development of intelligence. 
There are, according to him, three levels of mental 
activity of the child. The first is the “intelligence 
motrice,” which occurs before or independent of 
language. There is a progressive accommodation of 
the organism to the objects of the environment due 
to the motor patterns and a reciprocal adaptation of 
the object W the organism, as when weight is felt as 
a force. The child is, however, ignorant of the real 
meaning of the motor activity. There is no active 
cdiitrol, merely a passive acceptance. In the further 
development of tlie child there occurs the second 
level, egocentric thought and lastly rational thought.®^ 
In Germany Dr. L. Griinhut has recently, in an¬ 
swer to the Gestalt theory, contended that we per¬ 
ceive form by running our eyes over the given visual 
stimuli. We do not merely open our eyes for possible 
sensations, but rather create our perception by allow¬ 
ing our eyes to wander over the object. We do not 
see isolated points, but through this active process we 
perceive a unity in a given manifold. In other words, 
he explains that the picture on the retina and the 
afferent impulses are not yet a perception. It is only 
through response that discrete points in space are 
formed into a coordinated whole.®* In an article 
which has appeared this year, Professor F. M. Gregg 

Katz, "Per Aufbau der Taatwelt," Each, /, 
Fayehol, ErglLazungs bd., 11, p. 260, 1925. 

S. idexander, ‘ ‘ Art and the Material, *' p. 19, New 
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ftlao applies the motor theory to explain certain of 
the phenomena which have interested the Gestalt 
psychologists.®® 

Professor M, Ponzo has expressed his general view 
in the statement that there is not only a concomitance 
of motor phenomena and mental states, but an invari¬ 
able participation of motor response in all forms of 
mental activity.®® He has described the role of re¬ 
sponse in his account of the experimental work of the 
Turin laboratory. Several of bis examples are the 
following: Illusions of size of objects occur through 
changes in the motor response;®^ we understand bet¬ 
ter what is said by internal repetition or murmur of 
the words,®^ an observation which was also made 
some time previously by 0. Jespersen;®* each indi¬ 
vidual expresses himself in motor terms in a fashion 
as characteristic as are certain of his anatomical 
features.®^ 

Finally, we have a successful attempt by Dr. E. 
Jacobson to detect directly the muscular response 
during mental activity by means of the action poten¬ 
tials. He found that the action patterns during 


silent thought correspond to those obtained when the 
words were actually spoken. He conelndes that 
“during imagination, recollection and concrete or ab¬ 
stract thinking involving words or numbers, muscu¬ 
lar contractions characteristically appear as specific 
components of the physiologic process of mental 
activity.”®® 

We have seen from this brief historical sketch that 
the role of motor response in consciousness has been 
emphasized by many thinkers throughout the cen¬ 
turies, either directly or by suggestion through the 
reference to kinesthesia. Much of the discussion has 
been theoretical, or at best what Titchener after 
Brentano has termed empirical, but this is true of 
most of the fundamental theories of psychology until 
the nineteenth century. Since then a number of ex¬ 
periments have yielded results which seem to support 
the theory. It is fair to predict that in the future 
there will be less theorizing and more research of a 
nature similar to that of Jacobson. The theory itself 
must wait upon further experimental findings for its 
development and more precise refinement. 


OBITUARY 


JOHN BELLING 

JouN Belling died on February 28, 1933, in San 
Francisco. He was born at Aldershot, England, on 
October 7, 1866, and taught in private and public 
schools in England, taking instruction meanwhile at 
London and Birmingham. In the university at the 
former place ho received the degree of bachelor of 
science. In later life he was given the honorary de¬ 
gree of doctor of science by the University of Maine 
in 1922. 

He lectured in the Horticultural College at Swan- 
ley, England, and later at Llandidloes, Wales, in 
1900-01. Shortly after this he migrated to the Brit¬ 
ish West Indies, where he became investigator in the 
Department of Agriculture. In 1907 he came to the 
Florida Experiment Station as assistant botanist 
and published important researches there on hybrid 
beans. 

Shortly after the war he came to the Carnegie In¬ 
stitution of Washington as cytologist in the depart¬ 
ment of genetics, and was associated with Dr. A. F. 
Blakeslee in the investigation of the chromosomes of 

5ft F. M. Oregg, ^' Materializing the Ghost of Kohler 
Gestalt Psychology,*' Psychol Mev., 39, 267-270, 1932. 

«ftM. Ponzo, “Principes et Factenrs du Dyoamism 
psychologie dans lea Beeherches de I'Eeole de Psycholo- 
gie de Turin," Jour, de Psychol, 27, p. 617, 1930. 
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WO. Jespersen, "Lebrbuch der Phonetik," p. 8, 2te 
aufl., Leipzig, Tuebner, 1913. 
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Datura. Here his genius in microscopy and his philo¬ 
sophic insight opened up a new field in the study of 
the behavior of chromosomes and in the interchange 
of segments between non-homologous chromosomes. 
Belling was subject to periods of depression during 
which he did some of his most brilliant work. Believ¬ 
ing that it was important for him to have a change of 
scene he was transferred by the institution to Berke¬ 
ley, California, where he worked in a comer of Pro¬ 
fessor E. B. Babcock’s laboratory, continuing his fun¬ 
damental researches on the structure of chromosomes 
in hyacinths and various lilies. In these investiga¬ 
tions, under superlative technique, he believed he was 
able to see structures, which on account of their num¬ 
ber and size, he identified with genes. 

Belling was the author of a book on the use of the 
microscope, which has been eminently successful. A 
book on the study of the chromosomes has been writ¬ 
ten, but not published. After the sixth International 
Congress of Genetics, held in Ithaca last summer, a 
number of foreign delegates traveled to Berkeley to 
examine Balling’s preparations showing the struotiure 
of the chromosomes, and to discuss with him his inter¬ 
pretations of them. 

He married Miss Hannah Sewall, who died in 1926 

Jacobson, "Electrical Measurements of Neuro¬ 
muscular States during Mental Activities,” vfi, "Imag¬ 
ination, Becollection and Abstract Thinking Involving 
the Speech Musculature, ” Jour, PhgeioZ., 97, p, 
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without issue* He is survived hy a brother, James 
Belling, of Cornwall, England. 

Charles B. Davenport 
RECENT DEATHS 

Edward Bbuc® Williamson, research associate in 
the Museum of Zoology, University of Michigan, died 
on February 28, at the age of fifty-five years. 

Dr. H. Gregg Smith, associate in biochemistry at 


the State University of Iowa, died on February 26. 
He was thirty-four years old. 

Nature reports the deaths of Professor Johan van 
Baren, an authority on soil mineralogy, professor of 
geology and mineralogy in the Agricultural Univer¬ 
sity of Wageningen, Holland, on February 7, aged 
fifty-seven years, and of Lieutenant-Colonel J. C. G. 
Kunhardt, formerly of the Indian Medical Service, 
who did valuable work on plague prevention in India 
and also in the advancement of the^bber industry, 
at the age of fifty-seven years. 


SCIENTIFIC EVENTS 


THE FACULTY OF MEDICINE OF PARIS 

A CORRESPONDENT of the JourifwX of the American 
Medical Association writes that the Faculty of Medi¬ 
cine of Paris, having often complained of its cramped 
quarters, which in view of the constantly inoreasing 
number of students have became inadequate, received 
from the Rockefeller Foundation the offer of a gift 
of $6,000,000 for new buildings for the faculty of 
medicine, on condition that the French government 
furnish an equal sum. It was impossible to erect the 
new buildings on the present site along the Boulevard 
St. Germain, in the center of Paris, where real estate 
commands an enormous price. When a different site 
was sought, consideration was given to the site occu¬ 
pied by the Halle-aux-vins, on the bank of the Seine 
farther to the east. The Halle-auz-vins in that case 
would have been moved outside the city. The wine 
merchants refused to move. Attention was then given 
to a large unoccupied area south of the city, which 
was being used for a military aviation school. The 
suggestion of this site brought protests from the pro¬ 
fessors, students, medical libraries and the dealers in 
surgical instruments that had been grouped for cen¬ 
turies about the present buildings. This site was 
several miles away from the principal teaching hos¬ 
pitals. Attention was then given to a tract occupied 
by the Ste. Anne psychopathic hospital, located to 
the south in the vicinity of the University City. It 
was not long before protests were heard. Professors 
think the location is still too remote, .and their opinion 
is shared by the merchants. Furthermore, it would be 
necessary to rebuild a much larger psychopathic hos¬ 
pital elsewhere; for it is now inadequate, owing to the 
inoreasing number of insane persons. The council of 
the faculty of medicine, according to the correspon¬ 
dent, is placed in an embarrassing position by the 
gift of the Rockefeller Foundation, especially in view 
af the state of the French treasury. The present 
buildings of the faculty of medicine are only fifty 
y^rs old, and it would suffice to add further stories 
or erect azmexes. In short, the council appears dis¬ 


posed to postpone until more propitious times the 
realisation of the generous proposal of the great 
American philanthropist. Attention has been called 
also to the fact that the magnificent university build¬ 
ings erected with the same aid but located too far 
from the center of the city are already revealing grave 
disadvantages by reason of their remoteness. The stu¬ 
dents are attending their lectures less regularly on ac¬ 
count of the time required to go to and fro. 

REVISION OF THE INTERNATIONAL 
ELECTRICAL UNITS 

The Bureau of Standards reports that the third 
biennial meeting of the advisory committee on elec¬ 
tricity and photometry established by the Interna¬ 
tional Committee on Weights and Measures opened 
on January 31 at the International Bureau of Weights 
and Measures, at Sevres, near Paris. 

The international committee has undertaken to re¬ 
vise the present international electrical units. It pro¬ 
poses to base the units directly upon absolute mea¬ 
surements in the electromagnetic centimeter-gram-sec¬ 
ond system, instead of defining them by means of the 
meroury-ohm tube and the silver voltameter. Rede- 
terminations of the ohm and ampere by absolute mea¬ 
surements are in progress in several national stand¬ 
ardizing laboratories, including the Bureau of Stand¬ 
ards; at the meeting at which the bureau was repre¬ 
sented by E. C. Crittenden, chief of the Electrical Di¬ 
vision, plans were made for comparing the results 
found in different countries and for furnishing to all 
countries standards based upon the combined results. 

The international committee likewise hopes to es- 
talfiuih uniform units and standards throughout the 
world for the measurement of light. In this attempt 
it is collaborating with the International Commission 
on lUainination. A special committee on units and 
standards appointed by the latter commission, and 
consisting of representatives of France, Germany, 
Great Britain, Japan, the Netherlands and the United 
States, met in Paris on January 30 to prepare recom- 
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m^ndations on photometry for the offioial advisory 
committee. 

The bureau has proposed the establishment of a 
system of photometric units based primarily upon the 
intensity of the light given by a **black body” radiator 
at the freezing point of platinum. The adoption of 
such a basio unit must be supplemented by agreement 
upon a method for measuring lights differing from 
that of the basic standard in color. The flicker pho* 
tometer, with proper allowance for the characteristics 
of individual observers, affords one of the most sim¬ 
ple and practical methods for making such measure¬ 
ments. Its use has, however, not been viewed with 
favor abroad. Consequently, a basis for interna¬ 
tional agreement is being sought in spectrophotometrio 
measurements of colored filters, from which standard 
values for transmission of visible light can be calcu¬ 
lated by means of “visibility factors” which have al¬ 
ready been accepted by the International Commission 
on Illumination. 

In both of these projects the National Physical Lab¬ 
oratory of Great Britain and the Bureau of Stand¬ 
ards have been cooperating. Mr. Crittenden therefore 
visited London on his way to Paris in order to com¬ 
pare experimental results found at the bureau with 
those of the British laboratory. These two labora¬ 
tories have joined in proposing that the new units in 
electricity and in light be put into general use on Jan¬ 
uary 1, 1935. An alternative proposal is that their 
introduction be deferred until 1937. The most impor¬ 
tant duties of the 1933 meeting are to choose between 
these dates and to agree upon a definite schedule for 
carrying out the series of comparisons and inter¬ 
change of standards which will be necessary. 

THE PRIESTLEY LECTURES AT THE 
PENNSYLVANIA STATE COLLEGE 

The seventh annual Priestley Lectures at the Penn¬ 
sylvania State College will be given at 7 :30 p. m., 
on April 3, 4, 5, 6 and 7. 

Two memorials to Joseph Priestley have been estab¬ 
lished by the faculty and alumni of the department 
of chemistry: 1. In 1919 the alumni of the depart¬ 
ment purchased the old Priestley residence at North¬ 
umberland, Pennsylvania, about seventy miles from 
the college. They have built near the house a mtxseum 
to hold such Priestley relics us can be gathered to¬ 
gether. The alumni have assumed responsibility for 
the maintenance of the whole property in recognition 
of Joseph Priestley’s contributions to early American 
<di6mistry. 2. An annual series of lectures was in¬ 
augurated by members of the faculty in 1926, bear¬ 
ing the name of the Priestley Lectures. These lec¬ 
tures deal each year with the border-line between phys¬ 
ical chemistry and some other branch of science. 

In 1931, Phi Lambda TJpsilon (honorary chemical 
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fraternity) undertook the financial support of tiie 
Priestley Lectures. These lectures, therefore, now 
constitute a joint memorial to Joseph Priestley on 
the part of both the faculty of the Department of 
Chemistry and the Honorary Fraternity of Phi 
Lambda Upsilon. 

This year’s lectures deal with the border-Hne be¬ 
tween physical chemistry and metallurgy. They will 
be given by Professor Eric R. Jette, of the School of 
Mines of Columbia University. 

The former Priestley Lectures are as follows: 

The first year’s lectures dealt with the border-line be¬ 
tween physical chemistry and biocolloids. They were 
given by V. Cofman, of the Experimental Station of 
E. 1. Du Pont de Nemours and Company. 

The second year’s lectures dealt with the border-line 
between physical chemistry and metallography. They 
were given by Dr. S. L. Hoyt, of the Research liabora- 
tory of the General Electric Company. 

The third year’s lectures dealt with the border-line be¬ 
tween physical chemistry and medicine. They were given 
by Dr. H. B. Williams, head of the department of physi¬ 
ology of the College of Physicians and Burgeons, Colum¬ 
bia University. 

The fourth year’s lectures dealt with the border-line 
between physical chemistry and ceramics. They were 
given by Dr. Louis Navias, of the Research Laboratory 
of the General Electric Company. 

The fifth year’s lectures dealt with the borderline be¬ 
tween physical chemistry and electrical engineering. 
They were given by Dr. John W. Williams, assistant 
professor of chemistry at the University of Wisconsin. 

The sixth year’s lectures dealt with the border-line be¬ 
tween physical chemistry and biological chemistry. They 
were given by Dr. Victor K, LaMer, associate professor 
of chemistry of Columbia University, 

THE SIXTEENTH SESSION OF THE INTER^ 
NATIONAL GEOLOGICAL CONGRESS 

The International Geological Congreas will hold ita 
sixteenth session in Washinj^n, D. C., from July 22 
to 29. 

The project of holding an International Geological 
Congress originated in conneotiem with the Centennial 
Exposition of 1876 at Philadelphia. A Founders' 
Committee was formed in that year with James HaU| 
state geologist of New Yoi^ and one of Americans 
foremost geologists, as its president The committee 
included T. Bterry Hunt, of Canada, as secretary, 
six other members from the United Btates and 
Canada, and one each from England, Sweden and 
Holland. Thomas Henry Huxley was the merntwr 
from England* This committee asked the Geological 
Society of France to cooperate in preparing for a 
congress at the Paris Expomtion in 1878 and tha 
French society appointed as organisation eommittee 
on July 27, 1877. 
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meeting was Ihe first of a eeriea of fifteen 
oongreeses that have been held as a rnle at intervals 
of from three to four years, in various oountries of 
Europe and in Mexico (1906), Canada (1913), and 
the United States (1891). The preceding one was 
held in South Africa in 1929. 

The International Geological Congress is regarded 
as a continuing organization for which the responsi¬ 
bility is passed on from the organisation committee 
of one session to that of the next. Attempts have 
been made at various times to induce the congress to 
form an International Union or to affiliate with the 
International Hesearch Council, but the preference of 
the members has been in favor of the more informal 
organization that has always existed. 

However, the thirteenth session which met in 
Brussels in 1922 adopted a set of statutes consisting 
of twelve articles, which were essentially a formula¬ 
tion of the traditional practises of the congress and 
which were for the most part very general in char¬ 
acter. 

In general the meetings of the congn^s are financed 
by contributions from governments, organizations and 
individuals. The coming session was financed, in its 
early stages, by contributions from members of the 
organization oommittee. Subsequently, however, the 
Geological Society of America undertook to pay the 
expenses of organizing the oongresa, and has offered 
a liberal subsidy to reduce the cost of the excursions 
to participants. 

One of the principal objects of the International 
Geological Congresses is to enable geologists to ac¬ 
quaint themselves, by personal observation, with some 
of the most significant and distinctive features of the 
geology of the country in which the congress is held. 
For this reason it is customary for the organizers of 
each congress to carefully plan and prepare a number 
of excursions to take plape before and after the sci¬ 
entific sessions. On each excursion a special type of 
geology generally predominates. The nature of some 
of the excursions to be given in connection with the 
coming oongress in Washington is indicated by the 
following summary descriptions of them; 

Eastern Kew York and WesteMt JIfeW England. 

Mining districts of Southeastern and Central States. 

Appalachian Valley in Virginia. 

Paleosoic stratigraphy of New York. 

Coastal plain of the Chesapeake Bay region. 

Oil fields ef Oklahoma and Texas. 

Geomorphology of ^e central Appalachians. 

lOneral deposits of New Jersey and eastern Penn¬ 
sylvania. 

Tfanscontlnental excursion starting from San Frazicisco. 

Ttnese extiursiona will take place before the sessions 
l^ashiiigtozi and last from 4 to 12 days. In ad¬ 


dition, a conuuittee of New York geologists has ar¬ 
ranged a group of one and two day excursions in 
the vicinity of New York for those who do not care 
for the longer trips. There will also be short excur¬ 
sions from Washington during the session. 

After the Washington sessionB there will be two 
transcontinental excursions, each lasting thirty-one 
days. These will include a wide range of geologic 
features with Isome choice of side trips. There will 
also be two shorter excursions after the congress, one 
for glacial geology and one to study the iron and 
copper deposits and the pre-Cambrian geology of the 
Lake Superior region. 

In the minds of the founders of the congress one 
of its principal functions seems to have been to bring 
geologists together so that they could standardize by 
international agreement certain methods and ideas. 
This is clearly formulated by the president of the 
Organization Committee of the first congress in his 
address of welcome where he says, *'The dominant 
motif in organizing this congress has been the need, 
felt by all, of mutual agreement on geologic classifi¬ 
cation and nomenclature/' though he goes on to say 
^^Wo can not invoke here the law of numbers; no 
majority con impose convictions which the sense of 
truth alone can bring about." The inherent limHa- 
tions to such activity in a rapidly growing science, 
except as regards the standardization of cartographic 
symbols, has become increasingly clear with successive 
congresses,^ so that the tendency has been more and 
more away from standardization and towards ex¬ 
change of ideas. 

Thus, out of the program of the first Congress 
which consisted of the following topics; 

1. Standardization of geologic publications from the 
point of view of nomenclature and symbols, 

2. Discussion of various questions relating to the 
limits and characters of some formations. 

3. Bepresentation and coordination of alignment fea¬ 
tures (faults and veins), 

4. Belative value of faunas and floras from the point 
of view of the delimitation of formations. 

5. Value of mineralogic composition and texture of 
rocks from the point of view of their origin and 
age. 

two lines of activity have developed, one represented 
by^toe program of topics for discussion, the other by 
the eommifisions for organizing the knowledge in cer¬ 
tain fields and increasing international agreement in 
theoL 

Ae a Teeult of this development the organization 
coUfitrittee of the sixteenth session has proposed the 
following topics for special discussion at the coming 
meeting: 
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Measurement of geologic time by any method. 

Batholiths and related intruaivea. 

Zonal relations of metalliferous deposits. 

Major divisions of the Paleozoic era. 

Geomorphogenic processes in arid regions and their 
resulting forms and products. 

Fossil man and contemporary faunas. 

Orogenesis. 

Geology of petroleum. 

Copper resources of the world. 

In proposing for disoussion such a topio^ for in¬ 
stance, as “Major Divisions of the Paleozoic Era” it is 
hoped that as a result of the formal papers presented 
and the discussion that accompanies them, a closer ap¬ 
proach to agreement in this very controversial held 
will be reached; but there will be no attempt to for¬ 
mulate certain conclusions as representing the opinion 
of the congress as a whole. 

The international commissions of the congress ap¬ 
pointed at any session carry over to the next session, 
at which they are expected to present their reports. 
They may be and many of them have been continued 
from session to session. Those appointed at the h£- 
teenth session are: 

1. Spendiaroff prize. 

2. Palaeontologia Universalis. 

3. Lexicon of Stratigraphy. 

4. Glaciers. 

5. Fossil Man. 

6. Crust of the earth. 

7. Geophysics and Geothermics. 

8. Map of Europe. 

9. Map of the Earth. 

10. Distribution of the Karroo (Gondwana) system. 

11. International Map of Africa. 

12. Sub-Commission of African Surveys. 

The success of several of these which are charged 
with the preparation of definite publications depends 
largely on funds £ix>m outside sources.* The Prussian 
Geological Survey, under the auspices of the commit¬ 
tees of the International Geological Congtess, has 
supervised the compilation of the geologic maps of 
Europe and of the World, which have been published 
and are sold through regular publishers. 


Other oommisaions have foeteted waxk in the fddi 
with which they were eoneemed or provided for the 
publication of results in current journals. There are 
Obvious difficulties in the way of effective action by a 
commission whose members are scattered over the 
entire earth, as is the case with most of these commis¬ 
sions. However, even when they can not produce defi¬ 
nite results they promote international agreement in 
the fields with which they deal. 

The organization committee of the eleventh session 
held in Sweden in 1910 decided that it was desirable 
for the congress to exert a more extensive and sys¬ 
tematic influence on the development of applied geol¬ 
ogy. They, therefore, published a volume on “The 
Iron Ore Resources of the World.” It has been the 
practise of the organization committee of most con¬ 
gresses since then to prepare a similar volume on the 
resources in some major mineral deposit. Volumes on 
coal, phosphate and pyrite, and gold have been pub¬ 
lished by previous congresses and the organization 
committee of the sixteenth session is preparing one on 
copper. 

These volumes aim to describe the geology of de¬ 
posits all over the world and as far as possible to 
estimate reserves. They have been found very valu¬ 
able by those concerned with the mineral industries 
and have probably helped to secure financial support 
for the congress. 

Not the least valuable function of these congresses, 
os of all gatherings of scientists, is to bring about per¬ 
sonal acquaintance and friendship among those who 
attend and to afford opportunity for informal discus¬ 
sion. During the scientific sessions of the Interna¬ 
tional Geological Congresses some formal entertain¬ 
ments as well as informal gatherings of groups and 
individuals provide for this, but the best opportunity 
is afforded by the excursions, on which the partici¬ 
pants are constantly together for a number of days, 
and discuss many of their problems with the evidence 
before them. 

wAjoy one may become a member of the Congress 
For information address General Secretary, Interna¬ 
tional Geological Congress, U. S. Geological Survey, 
Washington, D. C. v t 


SCIENTIFIC NOTES AND NEWS 


Db. Robebt F. Griggs, professor of botany set 
George Washington University, Washington, D. C., 
has been elected president of-the Washington Acad¬ 
emy of Sciences. 

George W. Fuller, of Fuller and McCIbtoek, New 
York, has been elected chairman of the Engineering 
Foundation. He succeeds H, Hobkrt Porter, presi¬ 


dent of the American Water Works and Electric 
Company. 

Dr. Stonbt Chaphak, chief professor of matlie- 
matics at the Imperial College, South Kensington, has 
been made president for 1933 of the Royal HeteorO'* 
Icgioal Society. 

Conrad Bbok, director of IL and 3 * BeeK«, sol* 
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«nti£o instroment manufacturers^ London, hag been 
elected president of the Royal Microscopical Society. 

'Ttt® degree of doctor of science will be conferred 
by the University of Dublin on Professor William 
Lawrence Bragg, professor of physics, Victoria Uni* 
versity of Manchester, and on Professor John Scott 
Haldane, fellow of New College, Oxford, honorary 
professor and director of the Mining Research Lab* 
oratory, Birmingham University. 

Dr. Emil AsnsRHaLDEx, professor of physiology 
at Halle, has been elected an associate menibor of the 
Society of Biology at Paris. 

A TESTIMONIAL dinner to Professor Charles W. Bal¬ 
lard, of the faculty of the Columbia College of Phar¬ 
macy, was tendered to him by the Pharmacy Alumni 
Association on March 9. Professor Ballard has been 
associated with the College of Pharmacy for twenty- 
five years. Among the speakers were Dean Henry V, 
Arny, Dean Emeritus H. H. Rusby, Professor Mars* 
ton T. Bogert, Columbia University, and Edward 
Booker, the New York City Department of Healtli. 

John J. Keleheb, a member of the staff of the New 
York Aquarium, has been awarded the gold medal of 
the New York 2k)ological Society in recognition of his 
thirty years^ service. The presentation was made by 
Dr. Charles H. Townsend, director of the aquarium, 
who himself completed thirty years with the institu¬ 
tion last November. 

In recognition of their outstanding contributions 
to medicine, thirteen leading physicians and research 
workers from ten nations have been elected to hon¬ 
orary fellowship in the New York Academy of Medi¬ 
cine. The number of honorary fellows is limited to 
fifty; at present there are thirty-five. The new fol¬ 
lows are: Charles Aohard, professor of the Faoulte de 
Mddecine of Paris and permanent general secretary 
of the Aoaddmie de Mddecine; Roberto Alessandria 
formerly professor of surgical anatomy, now director 
of the surgical clinic at the University of Rome; Sir 
Charles Ballanoe, consulting physician at St. Thomas’s 
Hospital and National Hospital for Paralysis and 
Epilepsy, London; Frederick Grant Banting, pro¬ 
fessor of medical research at the University of To¬ 
ronto ; Sir Henry Hallett Dale, secretary of the Royal 
Society and director of the National Institute for 
Medical Research, London; Otfried Foerster, pro¬ 
fessor of psychiatry and neurology, Breslau; Carl 
Gostaf Forssell, professor of radiology in the Medico- 
Chirurgical Institute and director of radiumhemmot, 
Stockholm; James Bryan Herrick, emeritus professor 
of medicine, Rush Medical College, Chicago; Corne¬ 
lius Ubbo Ariens Kappers, professor of comparative 
anatomy of the nervous system at the University of 
A^nsteirdam; George Richards Minot, professor of 


medicine, Harvard University; William Gibson Spil- 
ler, professor of neurology at the University of Penn¬ 
sylvania and consulting neurologist at the Philadel¬ 
phia General Hospital; Alfred Vogt, professor of 
ophthalmology at the University of Zurich, and Karel 
Fredorik Wenckebach, professor of medical pathology 
and therapy at the University of Vienna. 

Professob B. Nemec, director of the Institute of 
Plant Physiology of the Charles University, Prague, 
Cseohoslorakia, will celebrate his sixtieth birthday on 
March 12. A correspondent writes: “Professor Ni^meo 
is a prominent plant physiologist, working on experi¬ 
mental cytology, caryology, anatomy, experimental 
morphology, physiology of fecundation, symbiosis, 
parasitism, plant pathology and regeneration. His 
‘statolit’ tlieory is well known, as are his recent 
discoveries of artificially induced mixoploidy and 
polyploidy in plants by means of chloral hydrate. 
These discoveries were discussed by him at the fifth 
International Botanical Congress held at Ithaca in 
1920. Professor N6mec is a corre.spr)nding member 
of the American Botanical Society, and of many other 
learned societies, Czechoslovak and foreign. He is 
the president of the American Institute in Prague. 
Professor N^meo took an active part in the work 
which resulted in the liberation of his country, fie is 
now a representative of the National Democratic 
Party in the Parliament and is, at the same time, 
one of the most prominent members of Charles Uni¬ 
versity.” ^ 

On the recommendation of Dr. Gregory and Dr. 
Sherwood, of the American Museum of Natural His¬ 
tory, the executive committee of that institution has 
appointed Dr. William Beebe a member of the depart¬ 
ment of ichthyology, with the title of research asso¬ 
ciate in oceanography. 

Dr, Samuel E. Pond has resigned from the Uni¬ 
versity of Pennsylvania, where he has been assistant 
professor of physiology in the Schools of Medicine 
and Dentistry, to accept the position of technical 
manager at the Marine Biological Laboratory, Woods 
Hole, Massachusetts. Dr. Pond will be in residemee 
in Woods Hole throughout the year, beginning on 
April 1. In addition to the direction of laboratory 
matters of a technical nature he will continue his re- 
^arohes on elementary calcification and the solid 
phases in ossified tissues. 

Db. Qborob Kebeeer has resigned as Merriam re* 
searcih fellow at Cornell University to become reaearob 
associate at the Training School at Vineland, New 
Jraley. This appointment was made possible by a 
gift reeenUy made by friends of the Vineland Lab¬ 
oratory. It is anticipated that Dr. Kreerer will eon- 
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duct a aeries of investigations of birth-injnred ehil- 
dren bj the methods of physiologieal psychology. 

r. S. Bbaokett has retired from the directorship 
of the Division of Radiation and Organisms of the 
Smithsonian Institution and becomes research and 
consulting physicist. Dr, C, O. Abbot, secretary of 
the institution, has assumed the directorship of the 
division and E. 8. Johnston has become assistant di- 
rector. 

Provessor James H. Breasted, of the Oriental In¬ 
stitute, University of Chicago, sailed from New York 
on February 4 for an inspection of field work in 
Persia. 

Db, Morris S. ViTBiiES, assistant professor of psy¬ 
chology at the University of Pennsylvania and di¬ 
rector of personnel research in the Philadelphia Elec¬ 
tric Company, has been elected a member of the board 
of directors of the Personnel Research Foundation. 

Db. Thomas Stockham Baker, president of the 
Carnegie Institute of Technology, Pittsburgh, who has 
been lecturing in Germany under the auspices of the 
Carl SchuTE Society, arrived in New York on March 
3. 

Dr. H. H. Dokaldson, of the WUtar Institute of 
Anatomy, addressed the Sigma Xi Society at the 
University of Pittsburgh on February 16 on ^*What 
We have Learned on the Growth of the Brain during 
the Past Forty Years.'^ 

Dr. Aknie J. Caknok, of the Harvard College 
Observatory, gave on February 15 an address on 
“Eclipsing Experiences'’ before the science seminar 
of the University of Maine. 

Db. Bailey K. Asheobd, colonel, U. S. Army Med¬ 
ical Corps, retired, professor of mycology in the 
School of Tropical Medicine, San Juan, Puerto Rico, 
discussed acute uncinariasis at the Research Club of 
the department of medical zoology of the Johns 
Hopkins University School of Hygiene and Public 
Health on February 20. ffis discussion was based 
on case histories of individuals who came to his atten¬ 
tion almost immediately after receiving exceedingly 
heavy infestations of Ancyloatoma duodendle while 
wading in infected water in Puerto Rico. 

Recent visiting lecturers to the department of 
geology and geography, Northwestern University, and 
their subjects included: T. A. Hendricks, of the U. 8. 
Geological Survey, “The Classification of Coal”; L. E, 
Workman, of the Illinois Geological Surv^, “Subsur¬ 
face Methods as Applied to Illinois”; C. W, Wash- 
bume, consulting geologist, “Structural Studies in the 
Oregon Coast Ranges”; Dr. G. R. Mansfield, of.the 
U. S, Geological Survey, “Viewpoints in Geological 
Research”; Professor E. S. Bastin, b£ the University 
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of Chicago, “Ores of Copper Lean in Iron and 
phnr.” 

The fourth lecture to the faculty and atodents of 
the School of Medicine, The George Washington Uni¬ 
versity, on the Smith-Beed-Rossell Society series was 
given on February 23 by Professor Stanhope Bayne- 
Jones, of the Department of Bacteriology, Yale Uni¬ 
versity Medical School, and chairman of the Medical 
Division, National Research Council, on “Bacterial 
Toxins.” The next lecture in this series will be given 
by Dr. Maurice C. Hall, chief of the Zoological Divi¬ 
sion, Bureau of Animal Industry, U. S. Department 
of Agnriculture, on March 16, on “Drama Anthel- 
mintiea.” The regular faculty seminar for February 
was given by Professor George B. Jenkins, of the 
department of anatomy, who spoke on “Comparative 
Embryology of the Central Nervous System,” 

A gift of $100,000 for the general purposes of the 
Gray Herbarium of Harvard University has been re¬ 
ceived from Earl Willson Bemis, of Worcester, 
Massachusetts. The original collection was founded 
by the late Asa Gray and given by him to the univer¬ 
sity in 1864. 

A GIFT has been made by E. R. Squibb and Son, 
New York, through the National Research Council 
Committee on Drug Addiction, of a fellowship of $700 
for work in pharmacology to be carried on under the 
direction of Professor C. W. Edmunds, in the Med¬ 
ical School of the University of Michigan. 

PwjTABOO Elias Calles, of Mexico, has turned 
over his Santa Barbara hacienda to the Agricultural 
Department to be used as an experimental station. 

The Prussian Ministry of Public Instruction has 
granted permission to the various clinics, institutes 
and the like, to announce the mAYimT im number of 
students that, in their opinion, can receive proper 
training and to reject the applications of students in 
excess of that number. In the dental inatitutes, such 
restrictions were introduced some time ago. 

Under an amendment of the United States patent 
statute approved by the President May 23,1230, which 
authorises the issuance of patents to inventozs or die* 
coverers of distinct and new varieties of asexually 
propagated plants other than tuber-propagated plants, 
32 plant patents had been issued by the United States 
Patent Office up to the end of October, 1232. the ad¬ 
ministration of the law is vested in the commissioner 
of patents, but, as provided for in the law, the Seeze^ 
tary of Agri(mlture is charged with the duty of de* 
termining for the commissioner of patents, upon his 
request, whether varieties for which patent appUca^, 
tions are made are in fact distinet and new. The spe¬ 
cial reeearehes necessary to aoeh detenniiiailofie [ 
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th« iufomiatiaQ ci the Cbnmusuoser of Patents are 
assigned to the ebief of the Bureau of Plant Industry 
to eairy out. plant patent/’ according to Dr. W. 
A. Taylor^ chief of the Bureau of Plant Industry, 
’^grants to the patentee the exclusive right to use, vend 
and asezually reproduce the new variety covered by 
the patent throughout the United States and Terri¬ 
tories for seventeen years. Naturally, under the limi¬ 
tations prescribed in the statute, most of the alleged 
new varieties thus far considered are in the horticul¬ 
tural field, relatively few general field crops other 
than tubers being capable of asexual propagation on a 
commercial scale in temperate climates. The granting 
of a patent on a new variety in no way passes on its 
adaptability to climatic conditions or for special uaes 
or on its economic value, nor does it determine the 
validity or otherwise of any varietal name which may 
be applied to the variety by the originator or dissem¬ 
inator. 

The London correspondent of the Journal of the 
American Medical Association writes: is striking 

that in the present period of industrial dexpression and 
unemployment, unprecedented both in intensity and in 
duration, the general health of the population has 
been remarkably good and has even improved. The 


n^trar-general’s statistioal review for 1931, which 
has just been published, shows a death rate of 12.8 per 
thousand persons living, 0.0 above that for 1930. 
That rate, however, was the lowest ever recorded, 
largely because of the exceptionally mild weather in 
the early part of the year, when the greatest number 
of deaths occur. The higher rate for 1931 is a reflect 
tion of the more severe weather of the early part of 
the year. Infant mortality was similarly affected, the 
deaths of children under 1 year being 66 per thousand 
live births, against 60 in 1930. That year and 1928, 
however, are the only years that have shown a lower 
mortality than 193L The death rate for cancer was 
1,484 per million persons living, against 1,454 in 1930. 
But if allowance is made for the difference in the age 
constitution of the population (which is constantly be¬ 
coming greater) the increase in the cancer rate be¬ 
comes much smaller. Tuberculosis again furnished a 
new low record, 896 deaths per million living. Road 
accidents due to mechanical vehicles caused 5,892 
deaths. The figures for the preceding four years were 
4,452, 5,196, 5,752 and 6,342. The decrease in 1931 is 
the first that has occurred since 1921, the figures hav¬ 
ing steadily increased previously. The birth rate was 
15.8 per thousand persons livuig, the lowest on record 
and 0.5 below that for 1929 and 1930.” 


DISCUSSION 


UNIVERSITY PATENTS 

NoimKO seems at first sight more reasonable and 
effective to provide funds for research work in col¬ 
leges, universities and research institutions than the 
exploitation, under the protection of patent laws, of 
the results of research work. Apparently in increas¬ 
ing numbers the universities in this country are resort¬ 
ing to patenting—directly or through approved agen¬ 
cies—for the stated purpose of obtaining money to 
support research work done by members of their 
sta& 

Argummits in favor of such a policy seem to have 
been publiriied rather more fully than other types of 
comment Experienee, however, is proving that this 
policy of patenting, so attractive when first contem¬ 
plated, involves more numerous and more serious diffi¬ 
culties than were at first foreseen, even by those who 
opposed the policy on ethieal grounds. It is not with 
the ethieal or moral validity of universities exploiting 
patents for revenue that the present oommunication 
deals. I wish to eoU att^tion only to some of the 
problems entailed by the policy, at present spreading 
among umvemties in the United States and Canada, 
of taking or bek^ party to the taking of patents for 
t)m purpose of ebtming revenue for mearoh work 
%'be their students or staff. If explicit defi¬ 


nition can obviate misunderstanding it may be well to 
observe that it is patenting for revenue and not 
patenting to prevent exploitation by others which is 
under consideration. I bring forward the matter 
because, now that the advantages of this policy have 
been published, it seems reasonable to point out some 
of the disadvantages. 

A professor in one of our large state universities 
visited not long ago a university whose declared policy 
it is to take out patents where possible for the research 
work of its personnel. The professor talked with a 
young staff member about his research work. It be¬ 
came apparent that what the professor had learned 
from bis own research work would lead, if pieced 
together with what the young man had found out, to 
a distinct advance in knowledge, an advance very 
probably capable of being, patented. Although the 
young man would have been delighted to have had an 
hm^orable part in an advance of knowledge and might 
have received a merited recognition for his share 
therein, and although science might have been ad¬ 
vanced, the professor kept his mouth shut because he 
couldn’t see why bis work should be an integral part 
of a patent controlled for the exclusive benefit of 
mother university. Perhaps it would be better if 
both universities went in for the patmt busmess. 
Then the professor wouldn’t have felt so resentful or 
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BO tnueh at a diaadvantage. He would have xnagnani- 
mousl^ given the young man his big chance by telling 
him what he needed to know. But of course there is 
just the possibility that another man would have kept 
silence, gone back to his own laboratory to conflnn the 
young man’s findings and purloined the patent not 
for his personal advantage of course but for his uni¬ 
versity. In such a ease the young man, if he were as 
intelligent as he is educated, would learn to keep his 
mouth shut. I cite this little story from real life 
because it is such a nice illustration of what patenting 
for money has done in this instance to the advance of 
knowledge—for which, incidentally, the two states’ 
funds are being in part devoted. 

Some time ago in a well-known medical school a 
certain synthetic antiseptic was on trial clinically. 
The first reports were almost as brilliant as the color 
of the substance itself. The opportunity to patent 
the antiseptic would have meant an income for re¬ 
search of perhaps $100,000 a year. This entrancing 
possibility was not seized. Instead of that the 
clinicians of that school, devoid of proprietary inter¬ 
est, maintained a critical attitude and pursued their 
investigations, during which the earlier (and honest) 
enthusiasms paled because the stuff wasn’t as good as 
they thought at first. As the dean remarked to me 
later, “Would we have cared to examine it as criti¬ 
cally if it might mean the loss of a big income for 
our research work?” For politeness’ sake one should 
quench such doubt by assurances that of course they 
would, or at least they wouldn’t have taken out the 
patent until they knew that further investigation could 
not qualify their coafidence. 

In the dairy state of Ubique I know of an owner of 
a large milk products company. He is angry because 
the University of Ubique Research Associates, Incor¬ 
porated, has taken out ^ patent for a process that 
could improve the nutritional value of certain milk 
products. He says: “I pay taxes to support the State 
University and its research workers, and as soon as 
they find something of use to me I have to pay them 

again for being successful. I'll be-ed if they con 

have it coming and going. I’ll bring counter suit if 
they try to sue me.” 

It is obvious that obtaining a patent is not complete 
protection. Some money has to be set aside to put 
teeth in it, i,e,, to punish infringements. Without the 
aid of newspaper files many medical scientists can 
recall a trial which is reported to have cost the defen¬ 
dants $80,000, Duly skeptical of such a figure, I 
should, however, assume that the patentees did not 
use all their takings that year for research. Shortly 
after the trial they were told by a spirited chief of 
one city health service that he was going to use their 
process anyhow and cn a large scale, for which he 


proposed to pay them just one dollar and if they 
wanted to refuse this offer and bring suit, maybe 
they’d win, but the city was rich and had good 
lawyers. 

When the patentees set aside large sums for the 
prosecution of infringements instead of the prosecu¬ 
tion of research, there is no assurance of good feeling 
in the scientific or academic worlds. A well-known 
American patent for the treatment of an important 
infectious disease is protected in one country abroad 
by a clause which forbids its use in research directed 
to its improvement. An entirely honorable research 
organization in that country on consulting legal advice 
as to the probable consequences of using the material 
for research purposes was told that they would proba¬ 
bly be supported by the courts but that the trial would 
cost upwards of $15,000. Having no funds to fight 
for the legal right to do research work they have left 
that field where the patentee desires it to be left. The 
only consolation that could be offered to them is that 
their research staff will be spared the waste of time 
upon the witness stand—waste of time which has 
disgusted at least one scientist in this country to the 
point of deserting a field in which lawsuits may re¬ 
quire bis time. 

The dean of one of our larger medical schools com¬ 
plains that one of his teachers is so busy controlling 
the product made under a patent held by the univer¬ 
sity that there is no time left for research or teaching. 
As a university interest it can’t be disregarded, since 
there may be some money in it, so a competent inves¬ 
tigator is now busy testing a commercial product. As 
long as there is a chance of the product being im¬ 
proved by some one else, he is likely to be tied down 
for some time to this one subject. 

In justice to the universities now in the patent 
business, it should be admitted that no case has yet 
come to common knowledge of an appointment or 
promotion being accorded to a man because his mind 
runs to patentable and consequently profitable re¬ 
search. Surprise at such an event would, however, 
be a trifle naive when the universities intentionally 
and officially encourage patents for revenue to sup¬ 
port the research expenses they so badly need. 

One neither moralizes nor speculates in restating 
the present tendency as being an assertion on the part 
of certain universities that they are disposed to en¬ 
courage the means to extract legally and certainly 
from the public in this and other countries a con¬ 
tribution to their own research work, which is as they 
believe inadequately supported. Th^ invoke the 
patent law to supplement what public appreciation 
faih to provide: they insist on a general and immedi¬ 
ate contribution to maintain research which they can 
not guarantee will be of value equal to ks cost. An 



MutOH 10| 1983 


SCIENCE 


259 


exouae is provided for the first time for the public to 
leave research in the universitiea to “look out for 
itself/' 

1 am not interested in discuBsing here the ethics or 
morality of the matter. The way it is working out is 
proving dangerous: it tends to shut off unselfish 
change of ideas and information, it tends to kill a 
critical and impartial attitude, it tends to introduce 
quarrels and bitterness and to consume time and funds 
in lawsuits. It may quite naturally influence the 
choice of university personnel and the choice of re¬ 
search problems. If, in addition, the policy of taking 
out patents for revenue be interpreted as a declaration 
of independence the public may quite cheerfully 
acquiesce and leave research work to earn its own 
way. Why should gifts intended for the general wel¬ 
fare play the role of capitalizing a business? And 
what becomes of the peculiar function of umversity 
research as contrasted with that of the shrewdly ad¬ 
ministered business enterprise? 

Alak Gregq 

30 Cambexdos Koai>, 

SCARBDALE, N. Y. 

THE COEFFICIENT OF CORRELATION 

In a recent article describing a least-square curve 
fitting machine' the authors make use of the Pearson 
product-moment coefficient of correlation to test the 
agreement of the parameters obtained by use of this 
device with those obtained by an algebraic method. 
This use of the correlation coefficient to test the agree¬ 
ment of two methods of measuring the same quantity 
is frequently seen in the literature, but the soundness 
of the procedure is open to question. 

The idea of correlation as conceived by Galton im¬ 
plies that there is such a measurable quantity as 
degree of relationship^ and the coefficient developed 
by Pearson is taken to give this measure. In keeping 
with this idea it is argued that if two methods of 
measurement agree well, their results will be “closely 
related" and vice versa; hence the use of the co¬ 
efficient. As a matter of fact, the correlation coeffi¬ 
cient is more correctly understood, specifically as a 
particular parameter obtained in a least-square fit 
of a straight line to the data correlated, and its sig¬ 
nificance is not general, but varies with the character 
of the data to which the fit applies. 

In the case at hand, it can easily be shown that the 
coefficient measures, in large part, something quite 
different from what is intended. The method of pro¬ 
cedure when two instruments or methods of measure¬ 
ments are to be compared is as follows: A series of 
determinations over the entire range of instrument or 

i Gains and Palfrey, “A Least-Square Curve Pitting 
Machine/' Scdbkot, 76; 472, November 18, 1982. 


method x is made, and upon the same data determina¬ 
tions are made with instrument y. The corresponding 
measurements are then correlated. The coefficient 
may be given by 




Where r is the coefficient, ox ia the standard deviation 
of the X measurements, ox.v is the partial standard 
deviation of x, for a fixed value of y. Now, in in¬ 
stances of this kind, the distribution of x is not gen¬ 
erally normal, but rectangular, about the same 
number of measurements is made at each value of x. 
Under these circumstances <sw depends on the range of 

X, being given by where is the range of x. 


Consequently, r is greater the greater the range of the 
measurements made. That the method can easily lead 
to paradoxical results may be seen us follows. Sup¬ 
pose two instruments to be uniformly comparable over 
their entire ranges, one with the other. A series of 
measurements is made over the lower half of the 
range and correlated, yielding a particular value of r. 
The same procedure is repeated for the upper half 
and the same value of r is obtained, appearing to give 
a good check of the measure of how well the two 
methods agree. But if now all the data are put to¬ 
gether os a single series, the correlation will be greater. 
For instance, if r was 0.5 in the first case, it would 
be 0.9 in? the second. 

This fallaciousness in the use and interpretation of 
the correlation coefficient creej^s in in other instances 
than where methods of measurement are compared. 
For instance, it is present when a physical trait like 
height is correlated with age, and the age range is 
arbitrary. It also vitiates not a little of the use made 
of the coefficient by psychologists. 

In passing, referring to the main topic of the article 
first mentioned, it may be noted that the idea of 
obtaining a least-square fit of a line on tlie principle 
of elastic bands stretched from the points to be fitted 
was mentioned at least as early as 1921 by L. J. Reed,* 


Rochestee, Minnesota 


Joseph Beukson 


ATTEMPT TO CONFIRM THE EXISTENCE OF 
A FILTRABLE CYCfLE OF BACTERIA 
BY THE USE OF “K" MEDIUMi 

’An attempt has been made to confirm the results 
of Kendall reported in the Northwestern University 
Bulletin (xxxii, 5, 193J). Complete failure with 'K' 
medium made by us according to his directions, was 

^Tiowell J. Eeed, ‘‘Fitting of Straight Lines," 
Uetron, Vol. 1, p. 8, 1921. 

1 A detailed account of the work appears in the Jour^ 
mal of Infectious Biaeases^ 52: 20. 1933. 
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followed by experimentB with powder kindly sent 
to U8 by Dr. Kendall. A protocol suggested by him, 
using the Rawlins strain of B. typhosus, was followed 
exactly. At least five attempts in accordance with this 
protocol and many more based on the first reports 
of the medium were made. 

In connection with the 'K' medium, many difficulties 
were encountered; for example, no uniformity of pH 
from tube to tube could be attained. It also occa¬ 
sionally develops a spontaneous turbidity without in¬ 
oculation. 

In summary we may state that persistent efforts to 
confirm Dr. KendalPs experimepts have been uni¬ 
formly negative. 

C. V. Sbastone 
Maby B. Lawhenoe 

HAavAED Medical School 

UNIVALENT CHROMOSOMES OP TRADES- 
CANTIA VIRGINIANA 

An esteemed correspondent, in Soibncb (VoL 77, 
pp. 49-50), states that, in Tradeacantia virginiana, 
*'the apparently serially arranged, miscalled univalent 


chromosomes represent in reality a segmented paehy* 
tone in which the synaptie pairs are lined up, back 
to back.” I have lately been studying the pachytene 
of this species, and also of Ehoeo discolor: and have 
succeeded in obtaining clear preparations. In Rhoeo, 
only the sub-terminal parts of the 12 chromosomes 
synapse; and are afterwards seen at diplotene to 
separate, leaving terminal junctions. Thus the 12 
bodies seen in the rings appear to me to be these uni¬ 
valents attached at the ends. For if they were ^^pairs 
... back to back,” there would be, I think, 6 of them. 
In Tradescantia virginiana (which is, in my opinion, 
rightly regarded as a tetraploid), 12 of the 24 chro¬ 
mosomes can be seen to have synapsed, at pachytene, 
with their 12 homologues; while their sub-terminal 
parts show synapsis between 4 chromosomes. These 
can be seen to separate at diplotene, except for their 
terminal junctions. The 24 bodies seen in rings, in 
chains, or singly, are, I think, the univalents. For if 
they were **pairs . . . back to back,” there would be 
apparently 12 of them. 

John Belling^ 

Bebkeley, Calif. 


SPECIAL CORRESPONDENCE 


UNIVERSITY EXPEDITION TO STUDY THE 
NATIVES OF CENTRAL AUSTRALIA 

In August, 1932, an expedition to study the natives 
of Central Australia was organized by the Board for 
Anthropological Research of the University of 
Adelaide, in conjunction with the South Australian 
Museum. The expenses were chiefly met by a grant 
from the Rockefeller Foundation, administered 
through the Australian National Research Council. 
The situation chosen on this occasion was Mount 
Liebig, situated almost on the Tropic of Capricorn, 
200 miles by track west of Alice Spring^. The natives 
belonging to this portion of Central Australia have 
hitherto escaped contact with Europeans, save to % 
very superficial extent. By means of a preliminar;^ 
survey by Mr. Kramer, of the Aborigines Friends 
Association, in whom these natives had complete con¬ 
fidence, over 130 aborigines, including men, women 
and children, were gathered together for observation. 
Their equilibrium had been a little disturbed by a 
raid from an adjacent tribe, in which 7 men had 
traveled 100 miles to secure two women, killing their 
common husbands and one of the women, and abduct¬ 
ing the other. 

The personnel of the expedition included amongst 
others Dr. T. D. Campbell, to whom much of the 
credit of its success is duo, Professors T, Harvey 
Johnston, C. S. Hicks and J. B. Cleland, Dr. H. K. 


Fry, Mr. H. M. Hale, director of the South Australian 
Museum, and Messrs. N. B. Tindale and J. H. Gray. 
As on previous occasions, the natives submitted them¬ 
selves to many kinds of tests, some of them very tiy- 
ing, without the slightest murmur or objection. 

Their good humor and sense of fun were again 
shown to a striking degree. Not the slightest attempt 
was made by any native to abstract articles from the 
comp, even though they could very easily have done 
BO and must have coveted many of the objects seen. 
Any article accidentally lost by the party was almost 
invariably found by the natives and returned; one 
member, whilst watching a corroboree at night, 
dropped, without knowing it, two postage stamps; 
these were picked up and returned to camp, evidently 
being recognized as something xmusual. 

As the expedition had only a short time at its dis¬ 
posal, the study of the natives had to be concentrated. 
In physical anthropology this is an advantage; the 
native readily tires and novelty soon wears off. It 
would be probably difficult to hold together a body of 
100 natives for a period as long as a month; many 
would desire before then to go for a ^'walk about.” 

Professor Hicks with bis assistants studied eadli day 
the basal metabolism of two fresh natives. This was 
accompanied by a close study of the pulse and 
respiration rates, and of the body and skin temperhi 
tures throughout the morning as waimtb increased. 

1 Died February 28, 1983. 
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Tlie natives were weighed and measured according to 
the Du Boie linear formula method of determining 
surface area, as well as for standing and sitting 
heights. Blood pressures were also measured, and 
katathermometer readings and wet and dry tem¬ 
perature measurements were obtained to give a basis 
for computing cooling power. When these data and 
those obtained previously are worked out it is hoped 
that conclusions may be drawn as to whether there 
is a true racial variation in basal metabolism; and 
whether the specific dynamic effect of protein meals 
on these natives, living with so little margin above 
a bare sustenance, is the same as for civilized Euro¬ 
peans; and that other important information will be 
obtained. 

Blood-grouping showed again that only Groups A 
and 0 occur amongst the Central Australian natives. 
Out of 84 examined, 32 belonged to Group 0 and 52 
to Group A. 

Dr. Fry found that the class system of the Pintubi, 
which composed the majority of the natives, was of 
the 4-class nomenclature, but with the additional 
recognition of the 8-class of the adjacent Loritja. 
The legends and songs in relation to five ceremonies 
were obtained, together with their translations. Con¬ 
ception stories and dreams were obtained from five 
mothers. 

Three hundred photographs were taken, which in¬ 
cluded standard photographs of bust and full-length, 
and a number of others concerning ceremonial records, 
pathological data and special features. Complete 
plaster easts wore secured of the busts, including the 
faces, of two old men, of two young men, of two adult 
women, of one young woman, and of one newly bom 
male baby; and a face cast of one young woman. 

Pathological observations were recorded. The 
presence in some subjects to a slight degree of 
boomerang legs, and in several instances a soft en¬ 
largement of the parotid glands on each side was 


noted. Almost without exception pediouli were 
present in the hair. 

It is the custom amongst these people for the 
mother to kill at birth an infant who is born whilst 
she is suckling its predecessor. The new-born baby, 
whose plaster cast was obtained, had been killed by 
its mother and stuffed into a rabbiPs burrow, almost 
at the moment of arrival of the expedition at Mt. 
Liebig. Next day members became aware of this 
event, and with the concurrence of the natives and 
their assistance the body of the baby was unearthed 
and a complete description of it obtained. The 
placenta was attached. Soil or ashes are placed in 
the baby’s mouth to stop its cries before the mother 
kills it. 

Dr. T. D. Campbell and Mr. H. Gray obtained 
further standard records of measurements of adults 
and children, together with samples of hair, outlines 
of hair tracts, notes on the teeth and on the color of 
the skin, hair and eyes, and special information as 
regards the curve of the spine, shape of the foot, etc. 
The peculiar rubbery texture of the soles of the feet 
was again seen in a number of natives, but not in 
all. 

Extensive cinematograph records were obtained of 
ceremonies, of daily occupations, of collecting. and 
preparing foods, of making weapons and utensils, and 
of the meeting of two friendly parties of natives. 
Various animal and vegetable foods used by these 
natives weye collected. 

A meteorological equipment was taken and a very 
useful set of climatic records was obtained. Other 
incidental studies, such as geology and physiography, 
helped in an appreciation of the natives' physical 
environment. 

The expedition proved successful, and has em¬ 
phasized the value of team-work and the amount of 
information that can be collected in a short period 
of time by an intensive study. j g CuiLAin) 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A UNIVERSAL DILATOMXTER 

SiKca the publication of Ostwald's work on 
^^olume Chemistry" in 1877, several papers have ap¬ 
peared, discussing from a theoretical and experimental 
point of view the change of volume which takes place 
during the process of neutralization of an acid by 
a base. Ostwald^ first notioed the phenomenon and 
investigated its relation to the nature of the acid 
and of the base. His work was extended and con¬ 
firmed by Buppin.^ The influence of the concentra¬ 
tion was then studied by Tammann/ who worked wiUi 

Ostwald, Jour, prakt, Chem.^ 16: 386, 1877. 

* lEl. Buppin, Zeit phyriK Ohoin., 14 ; 467, 1894. 


solutions of concentrations between 0.1 and 0.005 
normal and who proposed an hypothesis to explain 
the change of volume. An extensive experimental 
investigation was later carried out by Miss Freund,^ 
who concerned herself with the influence of tempera¬ 
ture and of the conoentration at higher ooDoeutrations 
than those with which Tammann had worked. During 
the course of a physico-chemical study of the prooess 
of neutralization, Comec® determined the densities of 
Eoi^ures of solutions of potassium hydroxide and 

Tammann, Zoit, physih. Chem., 16: 91, 139, 1896. 

41. Freond, Zoit. physik Chem., 66: 656, 1909. 

Ooraec, Ann. ohitn. phys., (8) 29: 490, 1918, 
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phosphoric acid and by plotting density against 
molecular composition, there were shown decided 
breaks in the density-composition curve correspond¬ 
ing to the salts KHjPO^ and K^HPO^. More re¬ 
cently Saslawsky and StandeP have determined the 
volume change upon mixing solutions of acids and 
bases not only at the neutralization point but also in 
a series of mixtures of the constituents in other pro¬ 
portions. While their work is not intended to be of 
an accuracy comparable to any of that previously 
performed, it is of value in that it covers the con¬ 
centration range from about 2 to 12 normal. 

All the above work was performed by determining 
experimentally the densities of the solutions of the 
acid and base, and of the salt formed upon neutraliza¬ 
tion, and from these values, calculating the volume 
change taking place upon the formation of the salt 



solution. As several of these investigators have 
pointed out, the value of the volume change so cal¬ 
culated depends upon the precision of the density 
determinations. Owing to the care necessary for the 
precise estimation of the density of a solution, even 
when allowing an error of ± 0.00005, it was thought 
that a dilatometric method, whereby the volume change 
might be directly observed, would expedite the exten¬ 
sion of this type of work. The changes of volume ac¬ 
companying oxidation-reduction reactions and those 
reactions involving the formation of complexes, for 

«1.1. Baslawsky and E. G. Btandel, Zeit, omorg, allgcm. 
Chtfm,, 180: 241, 1929; 186: 171, 1930. 


example, have not as yet been studied although they 
have occasionally been utilized for other purposes.^ 

To this end an apparatus has been devised, as 
illustrated diagrammaticaily in the accompanying 
figure, with which it is possible to add known volumes 
of one liquid to a known volume of another, and, 
after equilibrium has been established, to read directly 
the volume change which has occurred. It is based 
upon a simple hydrostatic principle, which will be 
obvious after a description has been given of the 
method of use. 

The apparatus, set in a thermostat at the required 
temperature, is filled with mercury from the reservoir 
G through stop-cock 6. Stop-cocks 1, 2, 3, 4 and 5 
are opened and the mercury allowed to rise into the 
burettes E and F, into the capillary A, and into the 
outlet tube through stop-cock 3. AU the stop-cocks 
are then closed. The burettes E and F are filled with 
the liquids under investigation, note being taken of 
the amount in E. In opening stop-cocks 4 and 6 and 
lowering the mercury reservoir, the liquid in F flows 
down to fill the burette C. The stop-cocks are then 
closed. On opening stop-cocks 2 and 6 the liquid in 
E flows through 2, bubbles up through the mercury in 
B and occupies the upper portion of the tube. Mean¬ 
while the mercury flows through D to the reservoir. 
When the required amount of liquid from E has been 
transferred to B, the flow of mercury is reversed by 
raising the reservoir, sending mercury back up again 
into the burette E. The difference between the volume 
of the liquid remaining and of that originally present 
in E gives the volume transferred to B. Stop-cock 2 
is now closed. By opening stop-cook 1 the position 
of the mercury in the capillary A may now be 
adjusted to a suitable portion of the scale, depending 
upon whether the alteration of volume to be measured 
is an expansion or a contraction. Stop-cock 6 is 
closed. The thread of mercury running from B to C 
through stop-cock 5 is removed by opening the latter 
till the liquid in C rises to the constriction just at the 
entrance to B. The apparatus is now in the condi¬ 
tion depicted. 

The level of the mercury in C is noted and also the 
volume of the closed-off system as measured at A. 
Portions of the liquid in C are allowed to pass up 
into B by opening and then closing stop-cock 5. To 
insure thorough mixing of the two liquids, the tube B 
is at a slight angle to the horizontal so that by rook¬ 
ing the apparatus sideways, the motion of tihe 
mercury layer sets up a turbulence in the liquid above 
it. Any volume change which occurs will be evident 
from the displacement of the meniscus of the mercury 
in the capillary A. Opening and closing stop-cook 6, 
observing the change of height of the mercury in C, 

t A. Benrath, Jour, prdkt, Chem,, 80 : 283, 1909. 
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and measuring the volume on A, gives a complete 
record of the changes of volume taking place upon 
mixing the two liquids. The outlet through 3 has 
been introduced for the purpose of discarding the 
solutions after use and for cleaning. 

In the apparatus as built, the tube B has a volume 
of approximately 120 cm* with a length of about 
20 cm and a diameter of about 3 cm. The burettes 
C, E and F arc graduated for a volume of 50 cm’ 
by 1/10 cm®. The capillary A is graduated in 
millimeters over a length of 80 cm. To facilitate its 
mounting upon the frame of the apparatus, the 
capillary was wound into the form of a flat spiral 
with an average diameter of about 12 cm. Its volume 
after bending was calibrated with mercury in the 
usual way. One millimeter has a volume of 0.0021 
cm*. 

Besides being of use in the study of neutralization 
and of other chemical reactions between solutions, 
the dilatometer should be of value for the investiga¬ 
tion of volume changes under many other conditions. 
The expansions or contractions taking place upon 
dilution of concentrated solution have been incom¬ 
pletely studied. To date the phenomenon has been 
investigated with only a few of the many electrolytes,® 
with alcohol® and with a few other organic com¬ 
pounds. Solutions of substances in other solvents 
than water have been almost completely neglected. 
The relation between the miscibility of liquids and 
the accompanying volume change may perhaps be a 
fruitful source for information concerning the nature 
of the liquid state and of solutions. 

Another form of dilatometer with which it is pos¬ 
sible to measure directly the alterations of volume on 
mixing two liquids has just recently been described.^® 
Its applicability to work of a general nature is 
limited in that the volume change is given on mixing 
the two liquids in only one proportion. It is obvious 
that with the dilatometer described above the value 
of the volume changes for a series of mixtures of the 
two liquids may be obtained in one experiment. 

Further details concerning the design, construction 
and manipulation of the apparatus, as well as some 
of the results obtained by its use, will be published in 
more extended form elsewhere. This notice has been 
given for the description of a new type of dilatometer, 
constructed easily and at small cost, which may 
facilitate greatly the study of a fundamental property 
of liquids. 

E. Holcomb 

McGill Univxbsitt 

»G. P. Baxter and C. C, Wallace, Jour, Amer, Chem, 
Boo,, 88: 70. 1916. 

*F. L. Teed, ** Volume Alterations on and in Bolu- 
tion,^' London, 1926. 

10 J. H. Hildebrand and J. M. Garter, Jour, Amer, 
O^em. 54: 8592, 1982. 


PERMANENT SLIDES FOR USE IN TEACH¬ 
ING THE HOWARD METHOD 

Many food analysts throughout the country are 
employing the Howard method' of testing various 
comminuted food products to determine the condition 
of the raw material as regards decomposition due to 
mold, and it frequently happens that analysts come to 
this laboratory for instruction in the technique of the 
method. In the course of his training it has been 
customary for an experienced analyst to check field 
by field with the student analyst in order to deter¬ 
mine the ability of the student to recognize mold fila¬ 
ments of various types. However, a saving in time 
would result if, instead of using the standard Howard 
cell, permanent slides with clearly defined fields 
marked on them were employed. 

The preparation of such slides has been accom¬ 
plished in the following manner: Tomato pulp or 
catsup of rather thin consistency is used for the test 
material. One and one half per cent. (1.5 per cent.) 
of agar is added to the sample and dissolved by boil¬ 
ing. Before cooling, 4 to 5 per cent, of commercial 
formaldehyde is added. 

The following method of delimiting the fields has 
been found most advantageous. Twenty-five perforn^ 
tions, each 1.31 mm in diameter, are made in colored 
cellophane, the holes being spaced about 1 mm apart 
and arranged in five rows of five holes each. This 
particular sized perforation was used since it is just 
slightly smaller than the field specified for use in the 
Howard method, namely 1.382 mm in diameter. A 
punch for making the holes can conveniently be made 
by cutting off a 0.052 inch drill at the upper limit 
of the twist and placing the shank in a suitable holder. 
By placing the cellophane over a hard fiber board it is 
readily possible with a hammer to make clean-cut per¬ 
forations, A special die has been found useful in 
cutting the holes, although this is not necessary. The 
excess cellophane at the edge of the square is trimmed 
off, leaving a narrow margin of about 0.5 mm. 

The cellophane mask is cemented to a clean micro¬ 
scope slide with the aid of balsam and covered with a 
cover glass. After the balsam is dry, a drop of the 
tomato agar preparation, previously softened in a 
boiling water bath, is placed on the cover glass and 
quickly spread out into a thin layer by means of a 
second cover slip. Excess pulp is removed after it 
hardens and the whole is scaled by ringing with 
balsam. 


When ready for use, each field is examined for the 
presence or absence of mold filaments of the required 
length and a permanent record is made to accompany 


the slide. 


J. D. WiLDMAK 


U. 8 . Dbpabtmxni or Aobioulture 


i<<Hethods of Analysis,” Assn, of Official Agrle. 
Chemists, pp. 4(H)-401. 
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SPECIAL ARTICLES 


THE DISTRIBUTION OF AMERICAN MEN OF 
SCIENCE IN 1932 

Fob the fifth edition of the “Biographical Directory 
of American Men of Soienee” there have been selected 
by objective methods 250 of those not included in the 
earlier selections who are regarded by their colleagues 
as among the leading scientific workers of the United 
States. The methods used were the same as in the 
fourth edition; there and in the earlier editions they 
were fully described and their validity was discussed 
in detail.^ 

The primary object of the work, begun more than 
thirty years ago, was to secure a group for scientific 
study. Still earlier there had been selected by objec¬ 
tive methods the thousand most eminent men of his¬ 
tory, and measurements had been made of nearly a 
thousand students of Columbia University. Each of 
the 'three groups is suited to scientific study, owing to 
its sociological interest and to the availability of the 
material. At that time but little attention had been 
paid to the measurement of individual differences, the 
present writer having in 1885 invented the term and 
published the first quantitative work on the subject. 

Arguments may be advanced for and against giving 
the names of the scientific men selected for study. 
Each of them is probably among our thousand leading 
research workers, but there are others who deserve to 
be included. The situation is the same as in election 
to an academy of sciences or appointment to a univer¬ 
sity position, except that the determination of scien¬ 
tific merit is more exact. We also have an analogous 
problem in the measurement of the ability of a child 
or a college student. 

it is sometimes argued that all such determinations 
are undemocratic. Democracy, however, does not con¬ 
sist in reducing all to a ^common mediocracy, but in 
giving opportunity to each in accordMice with his 
ability and fitness. Wo long have had school grades, 
college entrance examinations, requirements for the 
doctorate, qualifications for a university position, hon¬ 
orary degrees, and societies of limited membership. 
In so far as psychology is gradually developing quan¬ 
titative methods to measure individual differences the 
results may at times seem harsh and inconsiderate of 

1 In order to prevent misunderstandings that occur, it 
may be stated here: (1) The present writer has devised 
the methods and compiled the returns, but, apart from 
casting one vote for the psychologists, has had no part 
whatever in the selections. (2) Eesidents of North 
America are included in the book, but only residents of 
the United States in the selections for the stars. (3) 
The applied sciences as such are not included. (4) When 
an individual is selected in more than one science, he is 
assigned to the science in which he stands highest. (5) 
The subject of research given in the book is usually, but 
not always, the subject in which the star has been 
assigned. 


the individual; but in the long run truth ia better 
than illusion. 

While there are those who do not approve the selec¬ 
tion of a group of leading scientific workers, others 
urge that the stars should he dropped when a position 
among the thousand is not maintained. The competi¬ 
tion in the earlier selections was less severe, for in 
1903 there were only about 4,000 Americans who bad 
published research work, whereas now there are more 
than 20,000. It is also true that some men do not 
maintain the promise of their earlier work. A selec¬ 
tion which is correct at the time within the limits of 
the probable error may not hold thirty years later. 
In order to make the situation definite and to supply 
information that may be of historical interest, there 
will be given in the new edition of the book an index 
number with the star, showing the edition in which 
the individual was added to the list. 

As the number of entries in the book is now so 
large, it may be desirable to give the list of those to 
whom stars have been assigned in the fifth edition. 
The date of reference is approximately January 1, 
1932, subsequent changes of address being given in 
brackets. The 250 names are os follows; 

Anatomiate 

Edgar Allen, University of Missouri 
George W. Bartelmez, University of Chicago 
Edward A. Boyden, University of Minnesota 
J. L. Bremer, Harvard University 
Hal Downey, University of Minnesota 
George B. Wislocki, Harvard University 

Anihropologidta 
Ruth Benedict, Columbia University 
Fay-Cooper Cole, University of Chicago 
Ralph Linton, University of Wisconsin 
Frank H. H. Roberts, Jr., Smithsonian Institation 
Leslie Spier, Yale University 

Aatronomera 

R. T. Crawford, University of California 

Milton L. Eumason, Mt. Wilson Obs., Carnegie Inst 
Hamilton M. Jeffers, Lick Obs., Univ. of California 
Dean B. McLaughlin, Detroit Obs., Univ. of Michigan 
Donald H. Menzel, Lick Obs., Univ. of Calif. [Harvard] 
Herbert B. Morgan, U. S. Naval Observatory 
H. H. Flaskett, Harvard College Obs., [Oxford Univ.] 

B. F. Sanford, Mt Wilson Obs., Carnegie Institution 

£. C. Blipher, Lowell Observatory 

Harlan True Stetson, Perkins Obs.^ Ohio Wesleyan tJnlv. 

J, < 5 . Stewart, Princeton University 

Otto Struve, Yerkes Observatory, University of Chicago 

Ralph £. Wilson, Dudley Observatory 

Botanists 

H. A. Allard, U. S. Department of Agriculture 

S. F. Blake, U. S. Department of Agrieultore 
John T. Buchhols, University of Illinois 
Roy E. Clausen, University of OeUfomla 
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William S. Cooper, Universit/ of MinaeBOta 

Otis F. Curtis, Cornell University 

F. £. Denny, Boyee Thompson Institute 

Carroll W. Dodge, Missouri Botanical Garden 

J. Horace Faull, Arnold Arboretum, Harvard University 

H. B. Fawcett, Citrus Exp. Bta., University of California 
11. M. Fitzpatrick, Cornell University 

T. H. Qoodspeed, University of California 
R. B. Harvey, University of Minnesota 
Chas. F. Holies, University of Illinois 

D. F. Jones, Connecticut Experiment Station 
Irving E. Melhus, Iowa State College 
Raymond J. Pool, University of Nebraska 

Alfred liehder, Arnold Arboretum, Harvard University 

William J. Robbins, University of Missouri 

Karl Sax, Harvard University 

Fred. J. Seaver, New York Botanical Garden 

William Seifriz, University of Pennsylvama 

Gilbert M. Smith, Stanford University 

W. Randolph Taylor, University of Michigan 

Sam F. Treleaae, Columbia University 

Chemists 

Homer Adkins, University of Wisconsin 
Rudolph J. Anderson, Yale University 
Donald H. Andrews, Johns Hopkins University 

F. Russell V. Bichowsky, Naval Research Laboratory 
Arthur M. Biiswell, University of Illinois 

Wallace H. Carothers, E. I. du Pont de Nemours and Co. 
George L. Clark, University of Illinois 

E. J. Cohn, Harvard Medical School 
Louis F. Fieser, Harvard University 

N. Howell Furman, Princeton University 
Reynold C. Fuson, University of Illinois 
W, F. Giauque, University of California 

G. E. Gibson, University of California 
Henry Gilman, Iowa State College 
Michael Heidelberger, Columbia University 
Arthur J. Hill, Yale University 

Charles D. Hurd, Northwestern University 
W. A. Jacobs, Rockefeller Institute 
John B. Johnson, Cornell University 
Oliver Kaoun, Parke, Davis and Company 
M. S. EGiarasch, University of Chicago 
George B. Kistiakowsky, Harvard University 

I. M. EolthofT, University of Minnesota 
Victor K. LaMer, Columbia University 
Wendell M. Latimer, University of California 

J. W. MacBain, Stanford University 
Edward Mack, Jr., Ohio State University 
Carl S. Marvel, University of Illinois 
Leonor Michaelis, Rockefeller Institute 
Thomas Midgley, Jr., Ethyl Gasoline Corporation 
Julius Arthur Kienwland, University of Notre Dame 
John H, Northrop, Bookefellor Institute 

W. Albert Noyes, Jr., Brown University 

UiLUs Pauling, California Institute of Technology 

Robert N. Pease, Princeton University 

F. O. Bioa, Johns Hopkins University 

George Scatchard, Masaachusetts Institute of Technology 
M* X* Behlesiager, University of Chicago 
Ovaries F. Smyth, Ptineeton University 


0. ML A. Stine, E. I. du Pont de Nemours and Co. 

E. C. Sullivan, Coming Gloss Works 

E. H. Volwiler, Abbott Laboratories 

H. H. Willard, University of Michigan 
John Arthur Wilson, Milwaukee, Wisconsin 

Geologists 

Ernst Antevs, Auburn, Maine 

Donald C. Barton, Houston, Texas 

Alan M. Bateman, Yale University 

Kirk Bryan, Harvard University 

Walter H. Bucher, University of CinozfLnati 

8. R. Capps, U. H. Geological Survey 

Ralph W. Chaney, University of California 

J. A. Cushman, Sharon, Massachusetts 

C. N. Fenner, Geophysical Laboratory, Carnogie Inst, 

Henry 0. Ferguson, U. S. Geological Survey 

Aug. F. Foersto, Dayton, Ohio [U. S. Nat. Museum] 

Charles W. Gilmore, U. S. National Museum 

Frank L. Hess, U. S. Bureau of Minos 

G. F. Kay, University of Iowa 

F. H. Lahee, Sun Oil Company 

Morris M. Leighton, Illinois State Geological Survey 
Chester R. LongwoU, Yale University 

H. £. Merwin, Geophysical Laboratory, Carnegie Inst. 
Raymond C. Moore, University of Kansas 

John B. Reeside, Jr., U. S. Geological Survey 

Clarence Samuel Ross, U. S. Geological Survey 

E. H. Sellards, University of Texas 

W. T. Thom, Jr,, Princeton University 

Chester K. Wentworth, Washington Univ, (St. Louis) 

Wendell P, Woodring, U. S. Geological Survey 

Mathematictans 

C. Raymond Adams, Brown University 

A. Adrian Albert, Columbia University [Univ. Chicago] 

Jesse Douglas, Massachusetts Institute of Technology 

Lester R. Ford, Rice Institute 

Tomlinson Fort, Lehigh University 

Thornton C. Fry, Bell Telephone Laboratories 

Lawrence M. Graves, University of Chicago 

Mark H. Ingraham, University of Wisconsin 

Rudolph E, Longer, University of Wisconsin 

C. C. MacDuffee, Ohio State University 
John V. Neumann, Princeton University 
Oystein Ore, Yale University 

Tibor Radd, Ohio State University 
M. H. Stone, Yale University 

Dirk J. Btrulk, Massachusetts Institute of Technology 
T. Y. Thomas, Princeton University 
J. V, Uspensky, Stanford University 
Gordon T. Why burn, Johns Hopkins University 

D. V. Widder, Harvard University 

R. L. Wilder, University of Michigan 

Pathologists 

Addis, Stanford University 

S. Bayne-Jones, University of Rochester [Yale Univ.] 

A. E. Cohn, Rockefeller Institute 

Walter E. Dandy, Johns Hopkins University 
Edward Francis, National Institute of Health 
Evarts A. Graham, Washington University (St. Louis) 
Alfred F. Hess, N. Y. Univ. and Bellevue Hosp. Med. Ool, 
Esmond B. Long, University of Chicago [Phipps last.] 
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K. r. Meyer, Hooper Foundation, Univ. of California 
George K. Minot, Harvard University 

Arnold H. Rich, Johna Hopkins University 

T. M. Rivers, Rockefeller Institute 

Carl TenBroeck, Rockefeller Institute 

Augustus Wadsworth, N. Y. State Department of Health 

Leslie T. Webster, Rockefeller Institute 

PhyaicisU 

Samuel K. Allison, University of Chicago 

J. W. Beams, University of Virginia 

J, A. Bearden, Johns Hopkins University 

Joseph A. Becker, Bell Telephone Laboratories 

Robert B. Brode, University of California 

Edw. U. Condon, Princeton University 

David M. Dennison, University of Michigan 

G. H. Dieke, Johns Hopkins University 

Lee A. DuBridge, Washington University (St. Louis) 

O. S. Duffendack, University of Michigan 
Carl Eckart, University of Chicago 
A, Ellett, University of Iowa 

L. H. Germer, Bell Telephone Laboratories 
R. Clifton Gibba, Cornell University 
Samuel A. Goudsmit, University of Michigan 
Ross Gunn, Naval Research Laboratory 

G. R. Harrison, Massachusetts Institute of Technology 
William V, Houston, California Institute of Technology 
J, C. Hubbard, Johns Hopkins University 
Thomas H. Johnson, Bartol Research Foundation 
Alfred Lande, Ohio State University 
Otto Laporte, University of Michigan 
Ernest 0. Lawrence, University of California 
Alfred L. Loomis, Tuxedo Park, N. Y. 

F. W. Loomis, University of Illinois 

Philip M. Morse, Massachusetts Institute of Technology 
Otto Olden berg. Harvard University 

J. R. Oppenhcimer, California Institute of Technology ^ 
A, G. Shenstone, Princeton University 
Lewi Tonkg, General Electric Company 

L. B. Tuckerman, U. S. Bureau of ^standards 
Louis A. Turner, Princeton University 

M. A. Tuve, Dept. Terrestrial Magnetism, Carnegie Inst. 

G. E. Uhlenbeck, University of Michigan . 

H. C. Urey, Columbia University 
William W. Watson, Yale University 

Fritz Zwicky, California Institute of Technology 

PhystologmU 

H. C. Bazett, University of Pennsylvania 
G. H. Bishop, Washington University (St. Louis) 
McKeen Cattell, Cornell University Medical College 
Carl F, Cori, Washington University (8t. Louis) 

Edward A. Doisy, St. Louis University 
J. G. Dusser de Barenne, Yale University 
Wallace O, Fenn, University of Rochester 
John F. Fulton, Yale University 
Frank A. Hartman, University of Buffalo 
Harry Steenbock, University of Wisconsin 

PaychologisU 

John E. Anderson, University of Minnesota 
Karl M, Dallenbacb, Cornell UniverBity 
J. F. Baahiell, University of North Carolina 


Samuel W. Fernberger, UniverBity of Pennsylvanlft 
Frank N. Freeman, University of Chicago 
Clark L. Hull, Yale University 

H. M. Johnson, Mellon Institute [American Univ.] 

K. Koifka, Smith College 

Mark Arthur May, Yale University 
Donald G. Paterson, University of Minnesota 
Edward Stevens Robinson, Yale University 
Calvin P. Stone, Stanford University 
Edward C. Tolman, University of California 

Zoologists 

Leslie B. Arey, Northwestern University 
Robert A. Budinglon, Oberlin College 
Asa C. Chandler, Rice Institute 
Royal N. Chapman, University of Hawaii 
C. H. Danforth, Stanford University 
J. Frank Daniel, University of California 
A. B. Dawson, Harvard University 

L. V. Domm, University of Chicago 
L. C. Duim, Columbia University 

Paul S. Galtsoff, U. S. Bureau of Fisheries 
H. B. Goodrich, Wesleyan University 
Frank Blair Hanson, Washington Univ. (St. Louis) 
Selig Hecbt, Columbia University 
Leigh Hoad ley, Harvard University 
Davenport Hooker, University of Pittsburgh 
Carl L. Hubbs, Museum of Zoology, Univ. of Michigan 
Libbie H. Hyman, University of Chicago 
W. A, Kepucr, University of Virginia 
George R. La Hue, University of Michigan 
E. Carlcton MacDowell, Sta. Exp. Evolution, Carnegie 
Inst. 

James W. Mavor, Union College 

A. L. Mdander, College of the City of New York 
Dwight E. Minmch, University of Minnesota 
Ann Haven Morgan, Mt. Holyoke College 

Charles Packard, Crocker Inst. Cancer Research, Co¬ 
lumbia 

Bradley M. Patten, Western Reserve University 

Harold H. Plough, Amherst College 

Alfred C. Redfieid, Harvard University 

W. A. Riley, University of Minnesota 

Franz Schrader, Columbia University 

C. C. Speidel, University of Virginia 

H, W. Stunkard, New York University 

C. V. Taylor, Stanford University 

H. J. Van Cleave, University of Illinois 

B. H. Willier, University of Chicago 
Emil Witschi, University of Iowa 
A. H. Wright, Cornell University 

The 250 individuals whose names are given above 
have been selected from more than 20,000; conse¬ 
quently each of them stands first among more than 
eighty research workers, a somewhat severe selection. 
It is not feasible to give at this time the number and 
distribution of the some 22,000 entries in the edition 
of the directory now in press. 12,877 names in the 
fourth edition were distributed, according to the sec¬ 
tions of the American Association for the Advanos- 
ment of Science, as shown in the table. 
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TABLE 1. DtBTBIBTmON akono thk Soiskces 


Mathematics. 

766 

Physics 

991 

Chemistry . , . ,. 

2,561 

Astronomy 

239 

Geology and Geography 

903 

Zoology 

1,435 

Botanical Sciences 

1,187 

Anthropology 

111 

Psychology 

539 

Social and Economic Sci¬ 


ences ... 

23 

Historical and Philolog¬ 


ical Sciences 

37 

Engineering 

1,245 

Medical Sciences 

2,027 

Agriculture 

769 

Education 

54 

Total . 

12,877 


If the applied sciences are omitted (though all those 
included in the book were understood to have ad¬ 
vanced science by research) and the classification 
adopted in these studies is used, the number is 9,785 
and the distribution is as shown in the first column 
of Table 11. 


TABLE II. Disteibution among the Fundamental 


Sciences 


All 

Women 

Per cent, 
women 

Mathematics 

756 

61 

8.0 

Physics 

991 

28 

2.1 

Chemistry 

2561 

117 

4.6 

Astronomy 

239 

23 

9.6 

Geology 

903 

32 

3.5 

Botany 

1]87 

119 

10.0 

Zoology 

1436 

130 

9.0 

Physiology 

460 

48 

10,4 

Anatomy 

200 

11 

6.4 

Pathology 

396 

28 

7.1 

Anthropology .. 

111 

11 

9.9 

Psychology 

539 

117 

22.0 

Total 

9785 

725 

7.4 


In the group of 250 there are three women. There 
are two in the National Academy of Sciences with 
about the same number of members. There arc 725 
women included in the book distributed (all of them 
being assigned to the twelve sciences) as shown in 
Table IL The percentage of women in each science 
is also given. It ranges from 2.1 per cent, in physics 
to 22 per cent, in psychology. The preponderance in 
the latter subject is due in the main to the large 
number of teaching and clinical positions open to 
women. 

The average age of the 250 in the group is 42.9 
years. Distinction is attained at an earlier age in 


mathematics and the exact sciences than in the natural 
sciences, the average age in the different sciences being 
as shown. 


TABLE III. Avebaoe Age in the Dutebent Soiekces 


MathemalLclans 

36.1 

Physicists , . 

36.0 

Chemists 

41.1 

Astronomers 

42.9 

Geologists 

49.4 

Botanists 

47.0 

Zoologists 

45.3 

Physiologists 

42.0 

Anatomists 

47.7 

Pathologists 

48.3 

Anthropologists 

41.8 

Psychologists 

44.0 


In Table IV there is given under 1932 the distribu¬ 
tion by states of the birthplace and residence of the 
250 scientific men now added to the list. The numbers 
are multiplied by four in order to show comparisons 
with the earlier selections. There were 1,000 in 1903. 
The additions in 1910 were 209*, in 1921 (the interval 
having been prolonged by the war) 351; in 1927, 250. 
The 601 names of 1921 and 1927 were considered 
together in the fourth edition of the directory. In 
the table all the figures are placed on the basis of a 
thousand entries, decimals being omitted. 

While the numbers for most of the states are so 
small that they have only a limited validity, the gen¬ 
eral distribution of the scientific population in 1903 
and its subsequent movements arc clearly shown. Of 
the thousand scientific men of 1903, 134 were born in 
Massachusetts and 40 in Connecticut. This repre¬ 
sents a birth rate of 108.8 per million population in 
Massachusetts, and of 8G.9 in Connecticut, the popu¬ 
lation being based on the census of 1800. The birth 
rate is then reduced to about half in the surrounding 
states, being 47.2 in New York. There is a further 
reduction to one half in Pennsylvania, wiiere it is 
22.7, and this continues southward, the rate being 8.8 
in Virginia, 5 in North Carolina, 2.8 in Georgia, 2.1 
in Alabama^ 1.3 in Mississippi and 1.4 in Louisiana. 
In the north central states the conditions are inter¬ 
mediate between New York and Pennsylvania and 
decrease southward. 

The change in distribution ot the birthplaces in the 
later selections is very significant for such a short 
period in the history of the nation. New England has 
lost its supremacy in the production of scientific men, 
the numbers from Massachusetts on the basis of a 
thousand, decreasing from 134 in 1906 to 100 in 1910, 
80 in 1921-27, 72 in 1032. The corresponding figures 
for Connecticut are 40, 22, 27 and 16. The rural 
New England states fail even more in productivity. 
New York, New Jersey, Pennsylvania and Maryland 
also decrease. The gains are especially in the central 
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TABLE IV. BrnTHfLAos and Bssidsnob ov Bountiho Men Selecmd at Foub Pebiodb 



Birthplace 



Residence 


Birthplace 



Residence 


m 

o 

A 

W 

1910 

% 

N 

Oi 

fH 

1932 

to 

o 

Oi 

T-l 

1910 

t- 

fri 

4, 

04 

A 

Q4 

CO 

A 

2061 

o 

A 

rH 

1921-27 

1932 

1903 

1910 

S 

A 

iH 

s 

North Atlantic 









Arizona 




4 

2 

4 

7 

4 

Maine 

29 

22 

10 

8 

4 

7 

2 

4 

Utah 



5 




... . 

- .. 

Now Hampshire, 

16 

11 

12 


8 

4 

6 


Nevada .. . 

... 




... 




Vermont 

18 

11 

10 

8 

2 




Idaho . 







.... 

*... 

MassachuBotts . 

134 

100 

80 

72 

144 160 

95 100 

Washington . 

1 



12 



2 


Bhode Island 

6 

15 

2 

4 

8 

11 

7 

S 

Oregon . . . 


4 

2 

4 


4 



Connecticut .... 

40 

22 

27 

16 

43 

60 

33 

56 

California 

11 

15 

18 

20 

63 

56 

78 116 

New York 

183 

134 

111 

128 

192 

141 

203 

164 

Territories and Dependencies 







New .Tereey 

28 

15 

13 

12 

36 

19 

30 

44 

Porto Rico 


, _ 



1 

._. 

2 

M.. . 

Pennsylvania 

66 

52 

68 

48 

65 

48 

63 

28 

Alaska 





1 




South Atlantic 









Hawaii 

1 

4 




4 


4 

Delaware , 

2 


3 


1 


2 

8 

Philippines 


4 



8 

7 


. 

Maryland . .. 

26 

7 

22 

4 

47 

48 

38 

32 

Panama . 





... 

4 


.. 

District of 









Foreign 









Columbia 

3 

4 

6 

8 

119 

97 

128 

76 

Canada , ~ 

34 

83 

30 

36 

2 

. .. 

5 

.. 

Virginia ... . 

13 

26 

13 

4 

10 


6 

12 

Brazil . 



... 


1 


. 


West Virginia 

1 

7 

7 

4 

3 

4 

3 


Cuba 





1 


...... 

.. 

North Carolina .. 

5 


8 

4 

6 

11 

3 

4 

West Indies 

1 




- , 




South Carolina . 

5 

11 

7 

4 



2 


England . 

25 


35 

8 

1 


. 

- . 

Georgia 

3 

4 

5 

6 

1 



M.... 

Scotland . ... 

9 

15 

7 

12 

. o 


. 


Florida .. 

„ 

4 





. - 

. * M 

Wales -. 

1 



„ 





South Central 









Ireland 

3 

4 

2 


.... 




Kentucky . „ , 

8 

7 

8 

4 

3 


2 


Germany . 

19 

22 

12 

86 





Tennessee 

6 

7 

7 

4 

3 


5 


Austria-Hungary 

6 





. - 



Alabama 

2 

7 

3 

4 

2 



*• * 

Austria ., . 

.... 


7 

4 


... • 

..... 


Mississippi 

1 

4 

3 






Hungary . . 




8 


.... 

-... 

.... 

Louisiana 

1 


2 

6 

1 

4 

2 


Norway . 

1 

4 


4 



— 


Texas 

3 

7 

2 

4 

7 

7 

13 

20 

Sweden 

3 

7 

5 

8 


». 



Oklahoma . 



2 




2 


Denmark .. . 

2 


2 


... 



..... 

Arkansas 



3 






Holland 



5 

16 



..... 


North Central 









Belgium . 


. .. 

2 

4 


.... 

. 


Ohio 

75 

86 

81 

72 

84 

37 

33 

40 

Poland. 

... - 

... 

8 


.. - 

.. 


«... 

Indiana 

28 

46 

30 

36 

12 

19 

8 

4 

Bulgaria 




*4 


. „« 

...... 

... . 

Illinois. 

42 

52 

75 

68 

63 

104 

86 

06 

Czecho-SIovokia . 


... . 


4 

» .. 



n.... 

Michigan .. 

27 

63 

22 

16 

27 

19 

30 

48 

Switzerland ..... 

8 

. 

8 

8 


4 



Wisconsin . .. . 

35 

41 

40 

20 

23 

48 

18 

28 

Italy .. - .. . 

1 

... 



.«. 



.-..4 

Minnesota . 

4 

19 

23 

32 

13 

11 

30 

36 

Spain . 

1 


, 


. .. 

_ . 

-.. 

«... 

Iowa - . 

20 

33 

45 

32 

7 

4 

7 

20 

Russia .. .. 

6 

11 

13 

12 

.... 

...... 

«, 

«... 

Missouri .. .. 

14 

19 

35 

40 

21 

22 

13 

40 

Turkey . 

.. 


3 


,. .» 


—..r 


North Dakota 


... . 

2 


2 

... 

... . 


Syria . _ 

. - 

.. 

3 


. „. 


«.... 

«... 

South Dakota . 



5 

8 

2 

4 

... 


India .. ., . 

4 



.. 



.. M 

...... 

Nebraska ... 

2 

4 

10 

20 

9 

16 

3 

4 

Mongolia w. . 


.. , 


4 



.. 

«... 

Kansas 

7 


18 

82 

6 

7 

8 

4 

China... 

2 

.. .. 


. 




f.«.. 

Western 









Japan.. 

. 

7 

3 

4 

... . 

...... 

.... 


Montana .. , 



3 


2 




Siam . ... 



.. . 

... . 

... . 

....H 

2 


Wyoming . 



3 

~4 

1 

.... 

3 

• .... 

Dutch E. Indies 




4 





Colorado 

3 


2 

16 

8 

7 

8 

... 

Australia .. . 


-.. 

2 

. 

. ... 


. 

tf... 

New Mexico 




8 

2 


- 

-- 

South Africa . 



2 

.... 



2 



west, the record for Illinois being 42, 62, 76 and 88. 
There are also large increases in other north central 
states: Minnesota, 4 to 32; Iowa, 20 to 32; Missouri, 
14 to 40; Nebraska, 2 to 20; Kansas, 7 to 32. The 
more easterly states of Ohio and Indiana remain about 
stationary. Twelve states south of Virginia supplied 
only 35 men to the list of 1003; they show some im¬ 
provement in the subsequent selections, 58, 67 and 44. 

The residence^ of leading scientMc men in the dif¬ 
ferent states follows in general their production, but 

<The sciontifie men were selected in 1903; the resi¬ 
dence is of January 1, 1906, as given in the first edition 
of the diieetory. 


certain regions produce more than ^ey retain or 
obtain, while in others the reverse is the case, Massa¬ 
chusetts and Conneetiont have had in reaidenoe even 
more scientific men than they have prodnoed. This 
holds also for New York and of oourse in the greatest 
measure for the District of Colombia. Ohio and 
Indiana, on the other hand, have in residence less than 
half as many leading scientific men as they have pro¬ 
duced. Califoiuia gained greatly in the last Arrange¬ 
ment, being surpassed only by New York and having 
a much larger percentage per^nuUion popuktiom 
On the list of 1903 there Vere 126 seientifie men 
bom in foreign eoanfteis% contributed in very tmegitsS 
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measure by different nationalitiee^ the number per mil¬ 
lion foreign-bom population being; Switzerland, 68.9; 
England, 29.6; Germany, 7.1; Italy, 2.1; France, 0. 
The relative numbers of scientific men bom abroad 
in the subsequent selections were 103, 144 and 172. 
There have been in the selections following the war a 
large percentage of scientific men who migrated to 
this country after having attained distinction at home. 

Table V gives the institutions from which the 250 
scientific men received their academic degrees. Har¬ 
vard is still in the lead by a wide margin, having 
granted 19 bachelor's degrees, 39 doctorates of philoso¬ 
phy or science and 4 doctorates of medicine. Chicago 
comes next with a total of 42 degrees, followed by 
Columbia with 29. There then follows a group com- 

TABLE V. The Institutions 'which Okanted Three 
Oh Mork op the Deohees 



A. B. 
or 

B. H. 

Ph.D. 

or 

Sc. I) 

M.D. 

Total 

Harvard 

19 

39 

4 

62 

Chicago 

13 

28 

1 

42 

Columbia 

7 

19 

3 

29 

Cornell 

9 

11 


20 

Princeton 

() 

13 


19 

Johns Hopkins 

o 

10 

6 

18 

Yale 

5 

12 


17 

lUinoia 

7 

10 


17 

California 

4 

12 


16 

Michigan 

8 

1 


9 

Wisconsin 

1 

8 


9 

Minnesota 

5 

3 


8 

Brown 

5 

1 


6 

Virginia 

*> 

4 


6 

Amherst 

5 



5 

Ohio State 

3 

2 


5 

Washington (St. L.) 

3 

2 


6 

Kansas 

4 



4 

Pennsylvania 

O 

2 


4 

Stanford 

3 

1 


4 

Texas 

2 

2 


4 

Dennison 

3 



3 

Iowa 

1 

2 


3 

Missouri . , 

3 



3 

Nebraska . 

2 

1 


3 

Swarthmore .. 

3 

, 


3 

Elsewhere 

82 

4 

2 

88 

Total ... 

209 

187 

16 

412 

Berlin .. ., 


3 

1 

4 

Toronto. 

, 4 

.. 


4 

Edinburgh 

2 


1 

8 

Leiden 


3 


3 

Munich . 


S 


8 

Zurich. 

1 

2 


8 

Elsewhere. 

7 

16 

8 

26 

Total . A 

14 

27 

5 

46 

Grand Total .. 

223 

214 

21 

458 


ing clofle together, Cornell, Princeton, the Johns Hop¬ 
kins, Yale, Illinois, and California, with a drop to 
about half as many at Michigan and Wisconsin. 
These figures represent the situation for those who 
received their degrees on the average some twenty 
years ago. Since then the number of advanced degrees 
conferred by the state universities has increased witii 
great rapidity. The 27 not recorded as having had a 
bachelor's degree had in practically all cases on 
equivalent education, in most cases abroad. Two men 
hold doctorates of both philosophy and medicine, leav¬ 
ing only 17 who do not hold one of these degrees. 

In Table VI are given the institutions with which 
three or more of the scientific men are connected. 
Harvard has sixteen and California 15, followed by 
Chicago, Yule, Michigan, Columbia and Princeton. 
Seven of the men are connected with the Rockefeller 
Institute for i\ledical Research and six with the Car¬ 
negie Institution of Washington. 

TABLE VI. Institutions with which Three 
More ark Connected 


Harvard 

16 

CaJifornia 

15 

Cliicago 

13 

Yale 

13 

Michigan 

11 

Columbia 

10 

Princeton 

JO 

Minnesota 

9 

Illinois 

8 

Johns Hopkins 

8 

Cornel I 

7 

Rockefeller Institute 

7 

Stanford 

7 

Carnegie Institution 

6 

Washington (St. Louis) 

6 

Massachusetts Inutituto 

5 

U. 8. Geol. Survey 

5 

Wisconsin 

5 

California Institute 

4 

Ohio State . 

4 

Bell Tel. Labs. 

3 

Ipwa 

3 

Pennsylvania 

3 

Virginia 

3 

Elsewhere 

69 


— 

Total 

250 


The movement from the universities to the rceearel 
institutions, industrial laboratories and govemme^ 
service, which was notable shortly after the wax, h<| 
apparently now ceased. In the list of 1927 fifteen v- 
the 250 men were connected with the Carnegie Ins^ 
tution; nine with the Geological Survey; seven wf. 
the Bell Telephone Laboratories; six with the Depftij 
meat of Agriculture; five each with the Bookefd^! 
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Institute, the Bureau of Standards and the American 
Museum of Natural History; four with the Eastman 
Kodak Company and three with the U. S. Health 
Service. 

There have been selected by the average space 
allotted to sketches in biographical directories and 
encyclopedias the leading scientific men of the United 
States who died prior to the present century. There 
are not as many as a thousand reaching the standard 
of the 22,000 in the present edition of the directory; 
it is necessary to include large numbers of physicians 
and inventors. Preparations have also been made to 
select the thousand leading scientific men of the world 
now living and the thousand most eminent who are 
no longer living. A study of distribution among the 
sciences, in different nations and at different periods, 
supplies the beginning of a quantitative study of his¬ 
tory. It is also proposed to print biographical 
sketches in a subsequent edition of the directory. 
Some further study has been given to family relation¬ 
ship among scientific workers. It is of interest to 
note the considerable number of sons of scientific men 
who have attained high standing in the course of the 
past twenty years. 

The change in standing of a scientific man after a 
period of years gives in quantitative units (with a 
probable error attached) his gain or loss in the judg¬ 
ment of his colleagues. The efforts of a lifetime are 
condensed into a single informing and dramatic figure. 
J)ata have been published showing that men under 
forty years of age are likely to gain in reputation; 
between forty and forty-five to remain about station¬ 
ary; after that age to lose and increasingly as they 
grow older. The average gains or losses yield infor¬ 
mation concerning the effects of different situations, 
tor example, at one university or another, at large or 
tmall institutions, in research instituitions, in indus- 
rial laboratories, in the government service, with 
nuch or little administrative work or teaching, etc. 
The data may ultimately give information concerning 
individual differences in relation to heredity and social 
influences. Hut this is one of many studies that the 
present writer has been unable to complete. 

When the scientific men were arranged in 1903 in 
order of merit it was staled that the lists would not 
Se published within twenty years. Nearly thirty years 
mving now elapsed it may be useful to make pubbe 
^4 list that has considerable historical interest. The 
order gives no information concerning the contem- 
orory position, some of those near the bottom of the 
election in 1903 having now risen to the top and 
>me of those then at the top having dropped. In 
^ e fifth edition of the directory, to be published this 
the list will be given in full. There are here 
inted in the order of merit for each science the 
mdred men of seienoe regarded in 1903 by thdr 


colleagues as the most distinguished, the number in 
each science being approximately proportional to the 
total number of workers. The names of those no 
longer living are given in italics with the years of 
birth and death. 

Mathematics: Ehahim Hastings Moore, 62-32; 
George William Hill^ 3S-14; W. F. Osgood; Maxime 
Bdcher, 67-18; Oskar Bolza; F. Morley; Ernest W. 
Brown; H. S. White. 

Physics: Albert Abraham Miohelson, 62-31; Carl 
Barns; Edward L. Nichols; Arthur Gordon Webster, 
63-23; John Trowbridge, 43-23; M. I. Pupin; Ernest 
Fox Nichols, 69-24; Samuel Pierpont Langley, 84-06; 
DeWitt Bristol Brace, 68-06; Elihu Thomson; Eobert 
Simpson Woodward, 49-24; Charles Proteus SteinmeU, 
65-23; JBTenry Smith Carhart, 44-20; Edwin H. Hall; 
J. 8. Ames. 

Chxmistby; Ira Semsen, 46-27; Edward Williams 
Morley, 38-23; Oliver Wolcott Gibbs, 22-08; Theodore 
William Ewhards, 68-28; Edgar Fahs Smith, 54-28; 
John Wdliam Mallet, 32-12; Russell H. Chittenden; 
Arthur Michael; John Ulric Nef, 62-16; Harvey Wash- 
vngton Wiley, 44-30; James Mason Crafts, 39-17; F, A. 
Gooch, 62-29; C. L. Jackson; WUliam Francis Hille- 
brand, 53-25; William Olin Atwater, 44-07; Arthur .A. 
Noyes; Albert Benjamin Prescott, 32-05. 

Astronomt: Simon Newcomb, 35-09; Edward Charles 
PioJeering, 46-19; Lewis Boss, 46-12; W. W. Campbell; 
Seth Carlo Chandler, 46-13, 

Geology: Thomas Chrowder Chamherhn, 43-28; Grove 
Carl Gilbert, 48-18; Charles Doohitle Walcott, 60-27; 
Charles Eichard Van Hiae, 57-18; Samuel Frcmklin 
Emmons, 41-11; W. M. Davis; John Casper Bra/mer, 
60-22; Nathaniel Southgate Shaler, 41-06; Clarence 
Edward Dutton, 41-12; Eaphael Ftmpelly, 37-28, 
Botahy: William Gilson Farlow, 44-19; N. L. Brit¬ 
ton; John Merle Coulter, 51-28; W. Trelease; Charles 
Edwin Bessey, 45-16; Lucien Marcus Underwood, 63- 
07; L, H, Bailey; Poland Thaxier, 68-82; D. T. Mac- 
Dougal; B. L, Robinson, 

Zoology: William Keith Brooks, 48-08; Charles Otis 
Whitman, 42-10; Alexander Agassis, 35-10; E. B. Wil¬ 
son; H. F, Osborn; Charles Sedgwick Minot, 62-14; E. 
L. Mark; T. H. Morgan; W. M. Whoeler; Samuel H'sh- 
bard Soudder, 37-11; Chas, B, Davenport; David Starr 
Jordan, 61-31; Edwin G. Conklin; C. Hart Merrlsni; 
WUliam Healey Doll, 46-27. 

Physiology : Henry Pickering Bowdiich, 40-11; W, H. 
Howell; W. T. Porter; Samuel James Meltser, 61-20, 
Anatomy: Franklin Paine MaM, 62-17; George Sum¬ 
ner Huntington, 61-27; H. H. Donaldson. 

Pathology; William H. Welch; W. T. OonneUman; 
Simon Fiexner; WUliam Osier, 49-19; Theobald Smith; 
TheophU Mitchell Prudden, 49-24, 

ANTHaoPOLOGY: Franz Boas; Otis Tufton Mason, 88- 
08. 

Psychology: WUliam James, 42-10; J. McKew 
Oattell; Hugo Munsterberg, 68-16; Oronvitta SiatUey 
Hall, 46-24; J, Mark Baldwin. 

^ J. MoKsm 
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did not understand the theory himself, which was very 
likely to be tme. 

The third reason for personal gratification lies in 
the fact that my first real research work in physics, 
which was my doctor’s thesis at Princeton, constituted, 
1 believe, the first reasonably conclusive experimental 
proof of the famous Einstein photoeleotrio equation 
and through it the correlation of the frequency of 
light, the contact potential characteristic of any metal 
illuminated by the light, and the kinetic energy of 
electrons ejected from the metal under the influence 
of the light. It was this work which was refined in 
certain particulars by Millikan four years later to 
give the most accurate experimental determination of 
that famous constant of modem physics known as 
'Tlanck’s constant.” 

Professor Einstein’s interpretation of the rfile of 
Planck’s constant in phenomena which involve the 
interaction of radiation and matter has been the real 
i^foundation of all the marvelous development in spec> 
^oscopy and atomic structure, which is the outstand¬ 
ing achievement of physical science in the post twenty 
years—perhaps because big things are more spec¬ 
tacular than little things, or perhaps because people 
like to talk and to hear about things which they sense 
vaguely but do not understand, or perhaps for some 
other reason which I can not analyse, the public fancy 
has been taken much more with Professor Einstein’s 
contributions to the theory of relativity than with his 
.contributions to atomic phjrsics and radiation. While 
the former contributions have been far more extensive, 
I believe that public opinion should not lose sight of 
^hj^ fact that Professor Einstein’s basic contributions 
, Ithe development of the quantum theory have prob- 
. ^y been of even greater influence in effecting the 
levelopment of the physical sciences than his great 
general theory of relativity, 

Perhaps any attempt to estimate the relative im- 
♦ortanee of these two great contributions which Pro¬ 
cessor Einstein has made to twentieth century science 
is futile because the estimate may be different if gaged 
on the minute scale of the instantaneous condition of 
an atom or by the enormous scale of the universe as 
is extending through all the ages. This contrast, 
however, will at least serve to emphasize the great 
range of interest and of application of the work of 
Professor Einstein. 

It; is needless for me to say that all American sci- 
are .delighted with the new arrangement under 
Vhioh Professor Einstein will be regularly one of us. 

are delighted not only because of the prestige 
‘^hich his presence will give to our institutions, but 
^so because of the interest and stimulation which his 
Veeence will wouse in our young American scientists, 
W will see in him an ideal which unconsciously 


beckons them to “go thou and do likewise.” Finally, 
we are ddighted with the new arrangement because 
those of us who have had the privilege of coming to 
know Professor Einstein personally appreciate him as 
a person and are glad on personal grounds to have 
him as an associate. In this welcome we include also 
the most effective of all his colleagues, Frau Einstein. 

ADDRESS ON “THE COSMIC PARADE” BY 

DR. HARLOW SHAPLEY, DIRECTOR OF 
THE HARVARD COLLEGE 
OBSERVATORY 

I AM requested to describe the universe of which 
our guest of honor is a part and concerning which he 
busies himself at times. I am asked to tell the story 
of a world that contains electrons, galaxies, space, 
comets, politics, slush and after-dinner speakers. I 
am to describe a universe that spreads throughout 
more than a million, trillion, trillion, cubic light 
years, that has existed for some thousands or millions 
of millions of years—and I have for this descriptive 
job ten minutes, minus the time taken by the intro¬ 
ducer. You should pardon me if here and there 1 
am rather brief with minor details. Indeed, I shall 
consider chiefly the grosser cosmos and not bother 
much with the intricacies of the atom or the private 
life of electrons. 

As interpreters of the world we do not know how 
good we arc, nor how bad. We must leave to future 
generations to say just where we went wrong. I sus¬ 
pect that if any attention whatever is paid to the sci¬ 
ence and scientists of the first third of the twentieth 
century it will be to the fundamental deductions and 
to the pioneer observations (crude as they are). I 
suspect that we are too near the front in this battle 
of nature’s secrets against test-tubes, spectroscopes 
and matbematioal analysis to realize how much we 
pursue current fads, how enthusiastically w© over¬ 
interpret fragmentary observations of fragments. 
But even at this close range we can see the oncoming 
mortality of practically all current theories, both of 
the microcosmos and of the macroeosmos. There is 
an over-population of hypotheses; they crowd and 
cancel one another. New observations add to the 
slaughter. Within the past year, almost accidentally, 
we stumble ujion fundamentals like the neutron and 
the positron, entities that had not been explicitly in¬ 
cluded in the atomic models and pictures of the pre¬ 
ceding years. But brave hypotheses are necessary to 
guide, transiently; the observations stand for a while; 
the good measures, in fact, are essentially permanent; 
and the enthusiasm back of it all, the will to know 
and the willingness to fumble as we learn to know— 
they are eternal. 

Leaving the fascinating thougli uneertaha world of 
the atom and the' molecule^ let us aeoept xnaltev as 



proyei thou^ not defined and gaze into the ominous 
aBtronoxnioal world. 

To picture for you most easily this universe of stars 
which stretches quite beyond reason, space and time 
and imagination, let me parade the cosmos before you, 
bit by bit. You are for the occasion transformed into 
HUper-ooamio beings, brought in for this show, let us 
say, from a place that lies beyond the bounds of our 
space-time and from an epoch preceding the begin* 
ning of time—^impersonal spectators, you are looking 
us over. While you cosmics sit before me, smoking 
or fiddling with the spoons or thinking or perhaps 
just sitting, 1 otart the sidereal parade with a wav¬ 
ing of nebulous banners and a blare of celestial trum¬ 
pets ; for the first body ushered in is nothing less than 
Number Three. That is, Planet Number Three—dear 
old earth herself. On the return trip there will be less 
trumpeting, I surmise, when Number Three appears. 
Number Three, ladies and gentlemen, is one of the 
funniest things I can show you; the only place in the 
universe, so far as I am aware, where demagogues 
rule, where man destroys man, where imbecility of 
various sorts is bought and sold in the open market. 
U is, however, also the abode of ideals, altruism, rea¬ 
soning thought. 

Numbers One and Two are Mercury and Venus in 
this numbering of the planets outward from the local 
star. The star itself, one of thousands of millions, is 
a hot, radiant turmoil of mixed gases. If our star, 
the sun, were reduced in scale so that its million-mile 
diameter is but six inches (about that of this micro¬ 
phone) the planets on the same scale would be the di¬ 
mensions of ooai*se sand grains and bits of gravel and 
of much the same importance. Number Three, a 
small sand grain, is fifty feet away and plodding its 
yearly trip about tlie sun in a circular orbit with as¬ 
tonishing monotony. How we all cling to that rocky 
fragment, holding on desperately, not physically of 
oottpse, because gravity takes care of that; but hold¬ 
ing on temporally, in time, for just as many turns as 
.possible. Sixty, seventy, eighty whirls, and we let go 
—that is our nortion on this merry-go-round that has 
already whirled dreamily about the sun a few thou¬ 
sand million times with scarcely any evidence of run¬ 
ning down. 

The furthermost of the planetary sand groins now 
known is Pluto, about five city blocks from this micro¬ 
phone sun; to the nearest star neighbor it is some 
three thousand miles. 

But enough of this part of the parade; enough of 
Number Three with its superficial whiff of atmos¬ 
phere, splash of ocean and smear of biology. Wo 
tu^ attention to phenomena more fundamental than 
planets. 

A long intervd now passes before you cosmic spec- 
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tutors—a parade of nothingness. Interstellar space is 
passing, the phenomenon, or lack of phenomena, that 
incites sober men to cosmogony, that leads thoughtful 
men to strange comments concerning space and time, 
infinity and eternity. 

But look closely and you will see that the emptiness 
is not completely empty. In every cubic yard of in¬ 
terstellar space are a hundred atoms that have been 
ejected violently and driven from the hot atmospheres 
of stars. But these hundred atoms per cubic yard do 
not alleviate the stark emptiness. There are a trillion 
trillion times as many atoms in a cubic yard of the 
atmosphere in tins room. Interstellar space is ef¬ 
fectively a vacuum. 

In addition to the few hurrying atoms and mole¬ 
cules, space is everywhere permeated with the weak 
radiation of all stars. The light of a thousand million 
stellar sources pours at the rate of fifteen thousand 
trillion pulses per second through every cubic inch of 
interstellar space. And, in spite of this, almost com¬ 
plete darkness prevails. Is it any wonder that scien¬ 
tists dream dreams when they seek to interpret the 
universe as a whole—its meaning in space and in 
timet 

Coursing also through this pseudo-emptiness are 
occasional lost planets and comets, and frequently 
high-speed cosmic meteors, which record themselves as 
shooting stai's when they strike and expire in our 
earth’s protecting atmosphere. We have recently 
proved At the Harvard College Observatory the preva¬ 
lence outside our solar system of these minute stony 
fragments from past explosive catastrophies. The 
speeds of raeteoi's frequently exceed a hundred 
miles a second. Their significance in cosmogony is 
doop, their source is obscure and intimately tied up 
with the origin of the phase of the world that now 
exists. But numerous as they are, they do not relieve 
the essential vacuity of space. 

The procession moves on and we pass before you 
stars of all sorts—giant spheres, a million times the 
volume of our own star; dwarf, shrunken suns that 
appear to be perishing from exhaustion of their radi¬ 
ant energy; stars of various temperatures and stages 
of evolution; double stars, triples, stars in groups, 
clusters and clouds. You will note that the chemis¬ 
tries are much alike from type to type, that the chem¬ 
ical elements of stars are the same as the elements of 
the flying meteors and of the crust of the earth. You 
will note also that regardless of the region of space 
or interval of time from which T select the sample 
stars for this procession, the same gravitational prin¬ 
ciples operate, the same laws of radiation prevail as 
those familiar now in the solar system—common 
universal chemistry and common laws. 

As the procession of stars goes by we do not see 
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any little planets or moons. They may be there, 
though invisible, but after all that’s not an important 
matter. 

The parade goes on, and now appear the nebulae, 
some bright and some dark, the most spectacular part 
of the pageant. For the bright nebulae are of weird 
form, of vast dimensions, agglomerations of radiant 
ga^s and of meteoric grains of sand and iron. And 
the dark nebulae are impressive because of the secrets 
they conceal by hiding great portions of the univei‘8e; 
impressive also because they originate, possibly, from 
exploded planets and stars or from earlier disrupted 
universes. Are they the materials from which even¬ 
tually new stars and galaxies will arise? 

In the procession that I have to this point passed 
before you were, first, the minor bodies, such as the 
planets and comets of the solar system. Next enme a 
sample of interstellar space and its thin content of 
radiation and of stellar debris. Then the stars, singly 
and multiply, and the diffuse nebulosity, bright and 
dark, which may be star plasma or the wreckage of 
stars or, in a long-time universe, may be both. 

We now rise to a higher order in the pageantry that 
passes. Here are not stars but great systems of stars 
which we call galaxies or, if they are remote and there¬ 
fore hazy and indistinct and unresolved, we misname 
them nebulae or nebulous stars. Also in great variety 
the galaxies go by, some gigantic, some so dwarfish 
that they may contain but a few thousand million ordi¬ 
nary stars; some are spherical, most of them flattened, 
and more than half show that their population of 
stars is arranged in spirals. 

These common spiral galaxies occur singly, doubly, 
in close confused triples and multiples, and in clusters 
and in great clouds and streams, which we term super- 
galaxie^sometimes millions of light yeara in extent, 

A few of these galaxies have been observed with 
the spectroscope. There is a startling red shift of 
their spectral lines. Interpreting that red shift in the 
normal way as a re.cession of the galaxies, we are led 
to the concept of the expanding universe, a scattering 
of the galaxies, a lowering of the density of matter in 
space. We are led to the speculation that the origin 
of the pivsent phase of the universe occurred not much 
more than three thousand million years ago, disturb¬ 
ingly recent to the orthodox astronomer. We are led 
to remarkable preliminary si>eculationa connecting the 
theory of relativity witli the recession of galaxies, 
from which we deduce evidence for a spherical finite 
world. 

Finally, at the end of the procession, we try to 
exhibit the metagalaxy, the all-inclusive universe of 
galaxies ; but the display is poor because, with a reach 
of only a hundred million light years, our sample pos¬ 


sibly is misleading. We note, liowevcr, three conspic¬ 
uous features: 

(1) Exceeding non-uniformity in the distribution 
of matter. 

(2) No evidence that our own galaxy is signifloantly 
placed with respect to the millions surrounding. 

(3) No suggestion that in our deepest exploration 
we anywhere approach a boundary to the universe. 

The cosmic parade is finished. I now retransmute 
you from super-cosmic beings to primates on Planet 
Number Three; and I leave with you the thought that, 
although in the last twenty years our knowledge of the 
sidereal world has more than doubled, the list of things 
we want to know has trebled or quadrupled, leaving us 
relatively more ignorant than heretofore, but making 
us also keener than ever to attain that spiritual satis¬ 
faction that only the struggle to comprehend can give. 

ADDRESS BY PROFESSOR EINSTEIN 

Lkt mo first give expression to my delight and grati¬ 
tude for the wonderful reception which has been given 
to me in this festive hall by so prominent and distin¬ 
guished an assemblage. But this honor, at so serious 
a time, would depress rather than exalt them, if it 
were not for the redeeming consciousness that, by this 
visit, I could be of service to two institutions which 
are veiy close to my heart—the Univei*sity in Jerusa¬ 
lem and the Jewish Telegraphic Agency. 

Let us fix our eye first upon Palestine, It should 
fill us with pi’ide and joy that our work of upbuDding 
is made possible, to a great extent, by liberal gifts, 
and that those whose hearts and hands have achieved 
this upbuilding have imposed upon themselves a hard 
lot in order to serve a high ideal. We may therefore 
say that this work rests upon the shoulders of the beat 
of our people. It is because of this that it has until 
now wondeifully withstood all the difficulties of trial 
and affliction and stands to-clay more sound and 
promising than many settlements in lands more 
favored by nature. If the speed of growth does not 
satisfy some of our hot-headed and impatient brethren, 
let us remember that in social structures as well as 
in organisms the most worth-while are not those which 
grow and mature most rapidly. 

As old os the plan of the upbuilding work itself is 
the plan for the establishment of the Jewish Univer¬ 
sity in Jerusalem. This is not to be wondered at in a 
people who have for nearly two millennia treasured as 
the highest good the pursuit of the spiritual for its 
own sake. So it was that soon after the war, on one 
of the most beautiful spots of the country, the uni¬ 
versity was founded. Originally, it was not intended 
primarily as an institution of instruction but as a 
center of reeearch. 
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The sympathetic interest which this work, together 
with the library in Jerusalem, had aroused among in¬ 
tellectual Jewish elements was universal and strong, 
and there arose great-hearted givers who made pos¬ 
sible the realization of the university, in which cfTi- 
cient and devoted scientists were already busy and 
ore still busy. In spite of many diseases of infancy 
through which su(^ a new institution, exposed to bo 
many varying influences, must pass, the university 
has to-day already demonstrated its vitality and the 
Palestine work can not longer be thought of with¬ 
out it. 

With gratitude may be mentioned here Mr. Felix 
Warburg, and not less the American Jewish Phy¬ 
sicians' Committee. The Jewish people will never 
forget their help on behalf of the university. 

I am oonvinced that it is especially fortunate for 
the university that Mr. Weizmann has decided to put 
his abilities at its disposal and to found and direct a 
department for agriculture. His great experiences in 
the field of chemistry and administration and, last but 
not leasts his rare knowledge of men will be of great 
usefulness for the university; his fascinating person¬ 
ality will also lend it new attractiveness. I believe in 
a sound and beautiful development of the institution 
in the next few years. 

The significance of the University in Jerusalem for 
the Jewish people will be heightened by the fact that 
the Jews in eastern Europe arc being barred from the 
Rcienoea and the practise of scientific professions. In 
the course of the years, I have heard and read much 
that is sad regarding this spiritual misery, and, it is, 
unfortunately, not easy to say where the western boun¬ 
dary of this easU'ni Europe is to be sought. In any 
case, this boundary is indefinite and the psyebicnl 
misery of4he Jews is not lighter than the physical. 

Many talented Jews are lost to culture becau.se the 
way to learning is barred to them. It will be one of 
the foremost aims of the University in Jerusalem to 
alleviate this misery. May it contribute to the attain 
ment by the Jewish people of a spiritual and moral 
height which will be worthy of its past. 


The task of the Jerusalem University just referred 
to leads us to our second chief object, the Jewish 
Telegraphic Agency. The Jewish people belongs 
among the most oppressed national minorities; it is 
a national minority in all places whither its wander¬ 
ing staff has led it. It belongs among those peoples 
who must suffer to an especially high degree from the 
prevailing disease of an exaggerated nationalism. 
This nationalism is a grave danger for the entire 
western civilization, which at one time had its origin 
in Greece; behind it are powers inimical to life. To 
combat it is the inescapable duty of evei^ well-inten¬ 
tioned “and perceiving person of our time. 

We Jews have to suffer from this scourge not only 
as one of the oldest branches of our western culture, 
but also as a people which is scattered over the entire 
world and is, therefore, regarded as nationally alien 
everywhere. In order not to be crushed, at this tin»e, 
by inimical powers in its environment, this people re¬ 
quires living cohesiveness, solidarity. 

Such a living cohesivenesa is possible only if we are 
kept objectively informed about the lot of the Jews in 
all countries. This, the Jewish Telegi’aphic Agency 
has been doing for a decade and a half in a graphic 
and objective manner, and, in so doing, it has per¬ 
formed an important servicx? to the Jewish people. 
To support this private enterprise in times of eco¬ 
nomic crisis is a self-evident duty (»r self-preservation. 
It is also part of the struggle for justice, whose sig¬ 
nificance transcends merely Jewish interests them¬ 
selves. As director of the Jewish Telegraphic Agency, 
Mr. Jacob Ijaudau has earned commendation which we 
joyfully acknowledge this day. 

As I, myself, am no nationalist, the meaning of a 
people, in my opinion, lies in this—that it achieves 
something for humanity. I shall not bring up the 
question regarding tlie Jewish people her^and now, 
but will only emphasize that this point of view must 
always be our guide in everything Jews undertake. 
The only worthy attitude of an individual as of a 
nation is this—to serve a greater whole and to strive 
for iraprovoinent and ennoblement. 


OBITUARY 


OLIVE M. LAMMERT 
March 6, 1894-Octobeb 9, 1932 
Oliyb M. Lammert, professor of chemistry at Vas- 
sar College, graduated from Vassar in 1915. From 
the time of her graduation until her death, except for 
two years of graduate work, she was a member of the 
Vassar department of chemistry. In 1919, as Sutro 
fellow from Vassar, slie began graduate work at 
Columbia University; she received the doctorate in 
19S4. 

!fclie ioptes of her series of resoardies (presented in 


ten journal articles with J. L. R. Morgan) were a 
logical consequence of the initial one, the study of 
the effect of light upon the electrical conductance 
of solutions of the alkali halide^ in acetophenone. 
Professor Laminert’s appreciation of the increasing 
importance in many fields of the determination of 
hydrogen-ion concentrations led her to organize at 
Vassar a course on this subject which is probably 
unique and has become an important unit in the wox4c 
offered by the department. For the past six years 
she has been collaborating with J. L. R. Morgan in 
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preparing a reference text-book on physical chem¬ 
istry. 

The independence of thought and the initiative 
shown in her great creative ability, her broad philo¬ 
sophical outlook, her persistence in carrying out de¬ 
tailed work, her highly developed experimental skill 
and her great resourcefulness made her work that of 
real g^enius. In all she did her boundless enthusiasm, 
her deft precision and her clarity of thinking were 
such that, as a former student writes, ^^she will always 
be more than a teacher—she will be the inspiration 
that carries us on.” To her rigorous teaching she 
brought the gay touch of a keen sense of humor and 
the charm of a rare personality, the combination 
making *^her classes memorable.” 

Her keen insight and balanced judgment made her 
a trusted, valuable member of important committees. 
These same qualities, together with her constructive 
sympathy and understanding, brought students to her 
constantly for aid in pei'sonal problems as well as in 
chemistry, and she, whose generosity was unlimited, 
was never too busy to help them, giving to many ‘‘one 
of the best parts of college life.” 

For all who knew her the words of Professor Reed, 
whose beautiful tribute appeared in the Vassar Quar¬ 
terly/^ are true: Professor Lammert's death “has over¬ 
whelmed us at the college with a sense of tragic loss. 
She was brilliant, and gay and magnanimous; her 
presence radiated a sort of energy that made us aU 
glad to be alive; she had a warm heart overflowing 
into actions of unforgettable kindness; and she was 
only thirty-eight,” 

A clear thinker, an indefatigable searcher for ex¬ 
treme precision, an exceedingly well-informed scientist 
and a marvelous manipulator, Professor Lammert is 
indeed a loss to physical chemistry. 

^ « Mart Landon Saguk 

VA8SAR CJOIsLKOI!: 

RECENT DEATHS 

Dr. Arthur Houlick, paleobotanUt of the New 
York Botaniciil Garden, died on March 11, at the age 
of seventy-six years, 

John L. Stonr, professor emeritus of farm prac¬ 
tise in the New York State College of Agriculture, 
Cornell University, died on March 8, at the age of 
eighty-one years. 

Raj.eigh Dudley ^Iorrill, associate professor of 


experimental engineering at New York VniTersity 
since 1926, died on March 11. He was forty-eight 
years old. 

Dr. Hekrt Gbobob Mehrtrvb, acting dean of the 
Stanford University School of Mediein^ died on Feb¬ 
ruary 28, after a short illness from heart attacks. He 
had been connected with the Stanford faculty since 

1916, and acting dean of the Medical School since the 
beginning of the present college year following the 
retirment of Dr. William Ophuls. Dr. Mehrtens re¬ 
ceived his medical training at Stanford and had been 
bouse physician in the Lane Hospital in San Fran¬ 
cisco since 1915. He was professor of medicine, spo- 
cialiring in neuropsychiatry. Dr. Robert E. Swain, 
acting president of the university, said: “The death of 
Dr. Mehrtens is a very serious loss to Stanford Uni¬ 
versity, to medical education and to medical science. 
An accomplished scientist and scholar at an early age, 
he was an effective teacher, and during the present 
year as acting dean of the university's medical school 
has devoted unselfish and effective service to its work.” 

Huron H. Smith, curator of botany in the public 
museum of Milwaukee, Wisconsin, was instantly killed 
when the automobile in which he, his wife, and the 
father and mother of Mrs. Smith were riding was bit 
by a Milwaukee road passenger train at a crossing 
one half mile south of Glenview, Ill., early in the 
evening of February 25, Mr. Smith had been curator 
of botany at the public museum in Milwaukee since 

1917. He was recognised as an authority on Indian 
life, on flowers and trees. He was made a member of 
the Menominee tribe of Indians several years ago. 
E-we-ona-ginka^ medicine man of the Winnebagos, 
confided all his closely guarded secrets to Mr, Smith 
because he could find no young man of. the tribe 
worthy to be his successor, Mr. Smith was a mem¬ 
ber of the Wisconsin Archeological Society, the Mil¬ 
waukee Horticultural Society and honorary member of 
the State Forest Association. He was a fellow of the 
American Association for the Advancement of Science. 
He obtained his arts degree from DePauw University 
in 1905 and was an instructor in dendrology at Ck)r- 
nell University from 1905 to 1907 and obtained his 
master’s d^ree from that institution. He was a tree 
specialist and dendrologist with the Field Museum, 
Chicago, from 1907 to 1911, and assistant curator 
of botany from 1911 to 1917. 


SCIENTIFIC EVENTS 


BOULDER CANYON LAKE WILD LIFE 
REFUGE 

The great artificial lake to be created by the 
Hoover Dam on the Colorado River will become a 
refuge and breeding ground for wild birds and ani¬ 


mals under an executive order signed by President 
Hoover on March 3. The new reservation will be 
known as the 3oulder Canyon Wild life Refuge/, 
Superimposed on part of the land and water area; 
aiiibdrawn for the BouMer 
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regulation, flood control^ irrigation, domestic water 
uses and power development, the new wild-life refuge 
will coyer a total of about 620,000 acres, approxi- 
mately 132,000 acres of which will be a vast artificial 
lake on tiiat part of the Colorado River, in Arizona 
and Nevada. 

Adminiatration of the refuge will be by the Depart¬ 
ment of Agriculture, through the Bureau of Biolog¬ 
ical Survey, subject to use by the Department of tlic 
Interior for its primary purposes. Paul G. Reding- 
ton, chief of the Bureau of Biological Survey, in a 
statement issued on March 7 said that the fiooded 
area will be wholly in the Lower Sonoran Life Zone, 
with the hot summer and mild winter climate of the 
moiiquito and creosote bush country providing a 
breeding ground for many interesting birds and mam¬ 
mals of the southwestern desert region, and a winter 
resort for many northern migratory birds. Mr 
Redington writes: 

It was a paradise throughout the yoar for Arizomi 
quail, roadrunners, thrashers and other birds. In winter, 
swans, snow geese, many ducks, some shorebirda, waders 
and a host of other smaller migrant birds found a con¬ 
genial resort in the Virgin and Colorado Eivor Valleys, 
the natural outlet of the Great Basin. When tins aica 
becomes a great lake, witli curving bays and deeji mlcls 
cutting back into side valleys and gulcUee, it will again 
be a great attraction for northern waterfowl and pro¬ 
vide cover and food for tlio resident birds that are pushed 
back from the middle of the valley. 

The ref age will bo an oasis in an otherwise arid ooun- 
try on one of the southward bird-migration routes, a nay 
station from Klamath Iiake Refuge, Oregon, to the Gulf 
of California. The Federal Bear River Refuge, on Great 
Balt Lake, lies 406 miles northeast, the Salton Sea Refuge 
is 225 miles to the south, and the Fallon Migratory Bird 
Refuge in Nevada is about 350 miles northwest. The 
new refuge, therefore, should prove a valuable resting 
spot and winter resort for many waterfowl that now seek 
congenial waters beyond our southern border, 

Beavers, muskrats and otters will be the main local 
aquatic mammalian fauna, but the protected area will 
also provide homes for antelope-squirrels and chipmunks, 
as well as for little desert foxes, gray foxes, raccoons, 
and other interestiiig animals of the region. 

The value of this new refuge la the Southwest is 
greatly enhanced by its geographic position, and a more 
favorable place for preserving and enjoying the close 
presence of aquatic and other wild life could not bo 
found in the whole region. Within the new refuge it 
is ualaiblhil to hunt, trap, capture, wilfully disttirb or 
kill any wild animal or bird of any kind whatever, or to 
take or destroy the nest or eggs of any wild bird. 

THE MUSEUMS OF ARCHEOLOGY AND 
GEOLOGY AT THE UNIVERSITY 
OF KENTUCKY 

fimil Univoraity of Kentucky reports the opening 
of two xnusemna on the campua, the Mu¬ 
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seum of Archeology and the Geological Museum. 
The archeological museum, which is housed in a build¬ 
ing of its own, will be opened to the public each Tues¬ 
day ^d Thursday aftenioon from two to four o’clock, 
and the geological museum will be open daily. 

The archeological museum was prepared with the 
purpose of depicting prehistoric human life in Ken¬ 
tucky^ and has reproduced ancient graves, ossuary 
pits and other evidences of prehistoric races in the 
exact manner in which they were unearthed. Horace 
Miner, senior student, has been appointed curator 
under the supervision of Professor W. S. Webb, head 
of the department of anthropology and archeology. 

The archeological museum occupies a small building 
which faces the side of the administration building 
and which was formerly occupied by the library. The 
basement floor is devoted to offices and a large lecture 
room for class work, and the museum proper is en¬ 
tered through a wrought iron grill, designated and 
executed in the College of Engineering under the di¬ 
rection of Stephen Saunier, instructor in the forge 
shop. It has as its motif Indian artifacts, such as 
shells, arrow heads, pipes and other accoutrements, 
which have been reproduced in the grill work in an 
intricate pattern. 

The whole outlay of the museum tells a story of 
prehistoric Vdo in Kentucky. Some of the features 
are the burials which have been reproduced with 
skeletons, artifacts and even the earth deposits around 
the burial ground. Professor W. S. Webb, head of 
the department, has placed there his private collec¬ 
tion. 

The geological museum is on the second floor of the 
administration building and was arranged by the de¬ 
partment of geology in conjunction with the Bureau 
of Mineral and Topographical Survey. In it an at¬ 
tempt has been made to emphasize the rocks and min¬ 
erals of economic and commercial importance in the 
state, together with other features of commercial and 
scientific interest. 

Professor A. C. McFarlan is director of the Bureau 
of Mineral and Topographical Survey and David 
Young is curator of the geological museum. In this 
exhibit much attention has been paid to the Kentucky 
oaves and a representation of cave material and typi¬ 
cal cave phenomena has-been prepared. Fossils of 
the animals and plants which lived in this region in 
past geologic ages and whose remains are now found 
preserved in the rocks of the state are well repre¬ 
sented. 

REQUIREMENTS FOR THE LICENSE OF 
MEDICAL STUDENTS IN NEW 
YORK STATE 

Rbquibkmbkts of the New York State Education 
Department for the admission of American or Euro- 
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peau medical students studying abroad to New York 
medical licensing examinations have been announced 
by Dr. Kmest K. C'ole, acting commissioner of educa¬ 
tion. These requirements are in harmony wdth regu¬ 
lations recently promulgated by the Federation of 
State Meiiical Boards of the United Stiites. The 
federation has announced that students proposing to 
study medicine in Europe will he subject to tlie follow- 
ing regulations for admission to the various state med¬ 
ical licensing examinations: 

1. No Amer](*aii student matnculaliag la ii Kuropean 
medical school aubseqneut to the ucadeinic year I93:i~ 
1933 will bo admitted to any stale medical licensing 
examination or to the examination of the National 
Board of Medical Examinora, who does not, belorc be 
ginning such modicul study, secure fium a state iioaid 
of Medical Examincia or other comiieteiit state authority, 
a certiiicute ondorsed by the AsHociatioii of American 
Medical Uolleges oi the C’oiinciJ on Medical Education 
and Hospitals of the American Medical Association show¬ 
ing that he has met the jireinedical educational require¬ 
ments prescribed by the aforemontioned associations. 

2. No student, either American or European, matricu¬ 
lating in a European medical school subsequent to the 
academic year 1932-1933 will bo admitted to any state 
medical licensing examination, or to the examination of 
the National Board of Medical Examiners, who does not 
(a) present satisfactory evidonce of promcdical educa¬ 
tion equivalent to the requirements of the Association of 
American Medical Colleges, and the Council on Medical 
Education and Hospitals of the American Medical Asso¬ 
ciation, and graduation from a European medical school 
after n medical course of at least four academic years, 
and (b) obtain a license to practise incdieino in the coun¬ 
try in which the medical school from which ho is gradu¬ 
ated is located. 

NEW MEXICO MEETING OP THE SOUTH¬ 
WESTERN DIVISION OF THE AMERICAN 
ASSOCIATION FOR THE ADVANCE¬ 
MENT OF SCIENCE 

The thirteenth annual meeting of the Southwest¬ 
ern Division will be held from Monday to Thursday, 
May 1, 2, 3 and 4, at Las Cruces, New Mexico. The 


host institution will be the New Mexico College of 
Agriculture and Mechanic Arts, the post office address 
of which is State College, New Mexico. 

Officers of tlic division are: Charles T. Vorhies, 
University of Arizona, president; F. E. E. Qermann, 
University of Colorado, vice-president; Edwin F. 
Carpenter, Steward Observatory, University of Ari¬ 
zona, Heeretary-treasn^er. Officers of the New Mexico 
Association for the Advancement of Science are: S. 
B. Talinage, j^resident^ New Mexico School of Mines, 
Socorro; II. U. (Iraham, vtv e -presklent, StaU* Teach¬ 
ers College, Silver City; 11. G. Fisher, treasurer, New 
Mexico Museum, Santa Fe; E. K. Harrington, secre¬ 
tary, High School, Albuquerque. 

The general meetings will mcliulo the opening ses¬ 
sion on Monday morning; a symposium on problems 
relating to erosion, on Tuesday evening; and the an¬ 
nual banquet at which the retiring president of the 
division will deliver his address, on Wednesday eve¬ 
ning. In addition thei’e will be a luncheon sympo¬ 
sium devoted to the historical interest of the region, 
in Old Mesilla, near Las Cruces, site of the signing of 
the Gadsden Purchase of 1853. The John Wesley 
Powell Ijecture, now partially endowed by n*cent vote 
of the executive committee, will be delivered, prob¬ 
ably on Monday evening, May 1, by Aldo Leopold, 
consulting forester, of Madison, Wisconsin. 

Las Cruces lies at an elevation of 3,800 feet on the 
El PasO'Albuquerque branch of the Santa Fe Rail¬ 
road, 40 miles north of El Paso. 

Excursions and entertainment are being planned by 
the local committee under the chairmanship of Pro¬ 
fessor D. S. Robbins. Thursday, the last day of the 
meeting, has been set aside for the excursions. The 
points for which visits have been definitely planned 
are (1) White Sands, a large area of drifting dunes 
of gypsum sand, about 40 miles from Las Cruces; (2) 
the Jornada Experimental Range, about 23 miles 
from Las Cruces, and (3) El Paso, 40 miles south¬ 
ward, for its mining and metallurgical industries, its 
cement and electrolytic copper plants, several oil re¬ 
fineries, and, across the border, Juarez. 


SCIENTIFIC NOTES AND NEWS 


The bicentena j’y of the birth of Joseph Priestley 
occurred on March 13. lie was born in Yorkshire and 
came to the United States on June 4, 1794, living in 
Northumberland, Pennsylvania, until his death on 
February 6, 1814. 

De. Hugo de Vries, the distinguished Dutch bota¬ 
nist, celebrated his eighty-fifth birthday on Februaiy 
16. 

De. Frank Bure Mallory, until his retirement in 
1932 professor of pathology in the Harvard Medical 


School, having reached the age of seventy years, has 
also retired as chief of tlie department of pathology 
at Boston City Hospital. Dr. Mallory has been con¬ 
nected with the hospital since 1891. 

Sir Robert Hadfikld, metallurgical engineer, man¬ 
aging director of Hadfield’s Limited, Sheffield, has 
been elected an honorary member of the Academy of 
Sciences at Leningrad, in recognition of his work for 
metallurgy. The Soviet Ambassador in London, I. 
Maisky, gave a luncheon in honor of the oooamon on 
Fehrttary28. 
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Db, Abthitr K. KicKKBLiiT, emoritus professor of 
electrical engineering, Harvard University, was elected 
to membership in the International Committee of 
Weights ami Measures at its meeting in Sevres, 
France, at the end of January* 

PiiOFKSSOB Marhton T. Bogert, of the department 
of chemistry at Columbia University, has been elected 
pi‘esident of the Columbia Chapter of Sigma Xi to 
Huoceed Professor Donald E. Lnncetield. Professor 
Harold W. Webb, of the department of physics, has 
beeome vice-president, succeeding Professor J. J. Mor¬ 
gan, and Proft^sor Arthur W. Thomas, of the depart¬ 
ment of chemistry, has been named secretary-treasurer 
to succeed Dr. Cl. Marshall Kay. Membership in 
Signaa Xi was granted to 115 candidates, including 
17 faculty members. 

Dr. H. LuDENix)iti''F, director of tlie Astrophysical 
Obwu’vatory at Potsdam, has been elected president 
of the German Astronomical Society, to succeed the 
late Dr. Max Wolf, of Heidelberg. 

Nature states that at the annual meeting of the 
British Royal Astronomical Society held on February 
10, Iho following officers were elected; President^ Pro¬ 
fessor F. J. M. Stratton; Viae-presulentHf Sir Arthur 
S. Eddington, Mr. John Evershed, Dr. 11. Knox-Shaw 
and Dr, W. J. S. Lockyer; Treasurer, Mr. J. 11. jRey- 
Holds; Secretaries, Mr. W. M. H. Greaves and Dr. 
W. M. Smart; Foreign Secretary, Professor Alfred 
Fowler. 

Dr, Davio Rieisman has been elected professor of 
the history of medicine in the University of Pennsyl¬ 
vania, filling a newly established chair. 

Dr, j. Henderson Sjiith, plant pathologist of the 
department of mycology at the Rothamsted Experi¬ 
mental Station, lias been appointed head of the re¬ 
cently organiised department of plant pathology, to 
succeed Dr. W. B. Brierley, now professor of agri¬ 
cultural botany at Reading University, formerly at 
the head of the department of mycology at Roth¬ 
amsted. 

M%i8eum News reports that N, D. Riley has been 
appointed keeper of the department, of entomology of 
th^ Natural History Museum (British Museum) in 
succession to E. E. Austen. II. G. Blair has been 
appointed deputy-keeper of the department. W. P. 
Pyoraft has retired from the post of assistant keeper 
in the department of zoology of the Natural History 
Museum (British Museum). 

AcCfORDiNO to Industrial and Engineering Chetn^ 
ietry, George P, Gray, for the past two years director 
of the Colifomia Soil Improvement Committee, has 
become associated with the Colloidal Products Cor¬ 
poration^ San Francisco, to assist in the continuation 


of the company’s research program on the investiga¬ 
tion of spreaders and fixators in their relation to 
spray material. 

John R. Hewbttt, editor of the General Electric 
Re%)iew for nearly twenty yours, has retired because 
of ill health. 

Db. Gustav Zechel, of the department of anatomy 
of the College of Medicine, University of Illinois, has 
received a grant fi*oin the American Medical Associa¬ 
tion for the purchase of a microcinemutographic ap¬ 
paratus which will facilitate his studies on the growth 
of malignant cells. Dr. Arthur Knudson, professor 
of biochemistry, and Dr. Lloyd H. Ziegler, professor 
of neuropsychiatry of the Albany Medical College 
have been allotted a grunt for the study of the remote 
effect of rickets. 

H. A. Bendixen, of Washington State College and 
Experiment Station, lias received a grant from the 
Oberlaender Trust of the Carl Schurz Memorial Foun¬ 
dation, under which lie will study problems of dairy 
manufactures and travel in Scandinavian countnes, 
Germany and Russia for one year. During the year’s 
leave of absence Dr. N. S. Golding, associate professor 
of dairying in the Ihiiversity of British Columbia, 
w’ill serve in his place as associate professor of dairy 
husbandry. 

I^ROFEOSOR Knut IjUndmabk, director of the Uni¬ 
versity Ofcservatory, Lund, Sweden, has been spend¬ 
ing several weeks studying the collection of nebular 
photographs at the Steward Observatory of the Uni- 
versity^of Arizona, and Dr. Sture Holm, of the Limd 
Observatory, has l>een spending two months on pho¬ 
tometric investigations with the three-foot reflecting 
telescope of the observatory. 

An Associated Press dispatch states that Professor 
Auguste Piccard is planning a balloon ascent to study 
cosmic rays in the stratosphere this summer, starting 
from the grounds of the World’s Fair at Chicago, pro¬ 
vided that arrangements for financing his ascent can 
ho made with American balloon and metal manufac¬ 
turers. 

Sib Henry H. Daijc, director of the National In¬ 
stitute for Medical Rosearc^, London, will deliver the 
Dohme Lectures at the Johns Hopkins Medical 
School on April 20, 21 and 22. 

Dr. Curt Stern, of the Kaiser Wilhelm Institute 
for Biology in Berlin, delivered a lecture at the Uni¬ 
versity of Kahsas recently on *‘The Structure of the 
Chromosomes.” He is now engaged in a tour as a 
speaker for Sigma Xi, honorary science fraternity. 
Following his address at the University of Kansas, he 
went to the University of Missouri, 
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Dk. J. E. Aokert, <kan of the division of graduate 
study and professor of zoology and parasitologist at 
Kansas State College^ Manhattan, addressed the Snow 
Zoological Club at the University of Kansas on Feb¬ 
ruary 21, on '^Host-Parasite Relationships between 
Chickens and their Intestinal Nematodes.” 

De. Edward Mellanby, professor of pharmacology 
at the University of Sheffield, will deliver on June 8, 
13 and 16 the Croonian Ijcctures on "Nutrition and 
Disease—the Interaction of Clinical and Experimen¬ 
tal Investigations.” 

The Romanes Lecture at the University of Edin¬ 
burgh will bo given this year by Dr. Heinrich Wie- 
land, professor of cliemistry at Munich. 

The Stuart McGuire Lectureship series at the Med¬ 
ical College of Virginia, Richmond, will be held on 
April 25, 26 and 27. Dr. Ronald T. Grant, of the 
department of clinical research, University College 
Hospital Medical School, London, will give three lec¬ 
tures on "Tlie Pathology of Endocarditis” and a 
fourth lecture on “The Arteriovenous Anastomoses in 
Human Skin”; Professor Louis Hamman, of the 
Johns Hopkins University, will lecture on cardiac 
burgh will be given this year by Dr. Heinrich Wie- 
versity, will hold a clinic. 

The second annual Sigma Xi Day of the Rochester 
Chapter was held at the University of Rochester on 
February 22. The principal event was the evening 
lecture, on “Lung Injuries of Industrial Importance 
resulting from Dust Inhalation,” delivered by Dr. 
Cecil K. Drinker, head of the department of physi¬ 
ology at the School of Public Health, Harvard Uni¬ 
versity. In addition, the program included a morn¬ 
ing lecture intended especially for children, a series 
of seven lecture-demonstrations of current scientific 
research by members of the chapter and a formal 
dinner. “light—Where it Comes from, Where it 
Goes” was the title of the children’s lecture, given 
by Dr. Brian O’Brien, professor of physiological op¬ 
tics at the University of Rochester. 

Mehbers of the science faculty of Ohio Univeimty 
have organized a Sigma Xi Club. Officers elected for 
the current year are: President, Professor F. H. 
Krecker, head of the department of biology; Vice- 
president, Dr. F. B. Gullum, associate professor of 
chemistry, and Secretary-treasurer, Dr. D. B. Green, 
assistant professor of physics. Members are: Pro¬ 
fessors Paulsen, Anderson and Patrick, of the depart¬ 
ment of psychology; Professors Stehr, Rowles, Frey 
and Krecker, of the department of biology; Professors 
Morton, Reed and Starcher, of the department of 
mathematics; Professors Gullum and Clippinger, of 
the department of chemistry; Professors Heil and 
Gh?een, of the department of physios^ and Professor 


Clark, of the department of eivil engineering. Meot^ 
ings will be held bi-monthly throughout the year. The 
subjects of papers to be presented during the current 
year are: “Radio Thermy,” “Principles of Biologic 
Control,” “The Goal Gradient Process of Learning,” 
“Concepts of Infinity,” “A Study of Stresses in 
Arches by Means of Small Models,” and “Relation of 
Clumping to Resistance to Toxic Substances in In¬ 
vertebrates.” 

The department of geology and geography of 
Northwestern University announces the continuation 
of its exchange arrangement with the University of 
Cincinnati, initiated last year. Early in March Dr, 
Nevin M. Eetuieman, professor and head of the de¬ 
partment of geology and geography, University of 
Cincinnati, gave four lectures at Northwestern Univer¬ 
sity, and Dr. J. T. Stark, associate professor of geol¬ 
ogy, Northwestern University, will give a similar series 
of lectures at the University of Cincinnati. Professor 
Stark’s lectures wull deal principally with the geology 
of the Precambrian rocks of the United States and 
with the methods used in interpreting their structure 
and genesis; they will be delivered at Cineinnati dur¬ 
ing the week of March 20. The lectures gfiven by 
Professor Fenneman dealt chiefly with problems of 
regional physiography. The subjects of these lec¬ 
tures were as follows: “The Middle Rocky Moun¬ 
tains,” “The Appalachian Peneplains,” “The South¬ 
ern Rooky Mountains” and “The Grand Canyon Dis¬ 
trict.” In addition, Professor Fenneman spoke on the 
night of Thursday, March 9, before the Geological So^ 
cioty of Chicago on “Cyclic and Non-Cyclie Erosion.” 

Agcjording to Nature, progress has been made in 
the discussion of the proposal to institute an interna¬ 
tional congress of the ethnological and anthropolog¬ 
ical sciences. Arrangements are now being made for 
a preliminary conference for further discussion to be 
held in Basel on April 20, 21 and 22. Invitations to 
the conference are being issued by the Royal Anthro¬ 
pological Institute of Great Britain, while the local 
arrangements are in the hands of Dr. Felix Speiser, 
director of the Museum of Ethnology, Basel. The 
conference will be welcomed on behalf of the City and 
the Education Committee, and its sessions will be held 
in the Burgeratsaal The subjects for discussion are 
the scope of the proposed congress and its relation 
to existing oougreasee of like character, such as the 
International Congress of Americanists and the Inter¬ 
national Congress of Prehistoric and Protohistorio 
Sciences; constitution and procedure, and the date 
and place of the first meeting. On this last point, it 
has be^ suggested that meetings should take place in 
years alternate to those of the Prehistorio and Proto- ^ 
historic Science >Congre8s and coinciding once ka! 
every four yecxs with the European ^ J 

Ainerieaniste’ Congress^ ^ ^^ ^ ^ 
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Trb thirteonth annual Bummer term of the Amer- 
iean School of PrehiBtoric Research will open in 
Prai^ue on June 28, and close in Berlin on August 21. 
Dr, V. J. Fawkes, who last year conducted the expe¬ 
dition to Yugoslavia sponsored jointly by the school, 
the Fogg Art Museum of Harvard University and 
Peabody Museum of Harvard, will again be in charge 
as associate director for the summer term. The pro¬ 
gram will consist of a study of museum collections, 
deld excursions, conferences, excavations (including 
field technique) and examinations. Requests for 
further information should be addressed to Dr. 
George Grant MacCurdy, dii’ector, Old Lyme, Connec¬ 
ticut. 

The deportment of biology of the College of the 
Pacific at Stockton, California, will open a Marine 
Biological Station on the Pacific Coast. Courses in 
elementary and advanced biology will be offered dur¬ 
ing the regular summer session. Students may spend 
three additional weeks at the station to carry out re¬ 
search in invertebrate zoology. Facilities will be 
offered for intensive laboratory work in biology and 
zoology. Student living quarters will be established 
close to the station at a low rate, and the cost of board 
will probably not exceed the'amount charged at the 
college. It is hoped eventually to establish a per¬ 


manent Pacific Bicfiogical Marine Station with courses 
continuous throughout the year. 

Museum News states that the Adler Planetarium 
and Astronomical Museum, on Northerly Island, Chi¬ 
cago, will complete the lower fioor and install addi¬ 
tional ventilating machines in the next two months in 
order to take care of crowds expected-at the time of 
the World's Fair this summer. In order to make the 
additions the planetarium is closed for the two 
months. During the fair lectures wiR be given every 
hour instead of twice a day. 

Nature reports that Sir Dugald Clerk, who died on 
November 12, bequeathed £3,000 to the Institution of 
Civil Engineers; £2,000 to the Royal Society; £1,000 
to the Royal Institution; £1,000 to the Royal Society 
of Arts; £1,000 to the Institution of Mechanical En¬ 
gineers; £1,000 to the University of Glasgow; £1,000 
to the University of Leeds; £1,000 to the University 
of St. Andrews; £1,000 to the University of Manches¬ 
ter; £1,000 to the University of Liverpool. The resi¬ 
due of the property is to be divided into thirty-one 
parts; three of these pai*ts are to go to the Institution 
of Civil Engineers; two to the Royal Society; one to 
the Royal Institution; one to the Royal Society of 
Arts; one to the Institution of Mechanical Engineers; 
one each to the Universities of Glasgow, Leeds, St. 
Andrews, Manchester and Ijondon. 


DISCUSSION 

NATURE SANCTUARIES—A MEANS OF SAV- unmodified assemblage of organisms is commonly more 


ING NATURAL BIOTIC COMMUNITIES 
Okb of the oharaoteiistio things about organisms is 
their fluctuations in abundance from time to time. A 
community is an assemblage of plants and animals— 
a living thing which after a period of stress will 
never be exactly the same again. A nature sanctuary 
is a community or community fragment covering a 
certain area within which the fluctuations in abun¬ 
dance and other natural changes are allowed to go on 
unmodified uncontrolled. Such areas afford op¬ 
portunity for the study of the dynamics of natural 
biotic commnnitiee. 

Outside of modem ecology therd has been little or 
no tendency towards the development of specialists 
in the entire life of natural communities. The trend 
of researdi and education is toward specialization on 
parfcioular objects or partieuiar organisms. Perhaps 
one reason why nature study has been unsuccessful 
is because it is not the study of nature but of single 
natural objects or groups of objects which constitute 
/ a smaB part of any natural assemblage of organisms. 

Often this has resulted in the emotional protection of 
‘'P fdiixuds Mngled out by popnlar prejudice. In general, 
Y: a pfaihMmphical and pmotiil view-point, the 


valuable tlian the isolated rare species. However, 
because the significance of the unmodified assemblage 
is popularly ignored, the whole is commonly sacrificed 
in the supposed interest of the rare species. Usually 
neither need be sacrificed in any large natural area. 

The nature sanctuaries are surrounded by areas in 
a less natural state, called buffer areas of partial 
protection. In a buffer area the vegetation is only 
slightly modified by man. It is a region of partial 
protection of nature and is zoned to afford suitable 
range for roaming animals under full protection. 
Since nature sanctuaries are areas in which natural 
forces are allowed free play, they may be classified 
with regard to the organisms now missing from the 
primeval community whiefi once occupied the same 
area. 

’(1) First-class nature sanctuaries include areaa of 
oriigiuiil vegetation containing all the animals which 
are historically known to have occurred there. (2) 
Second-class nature sanctuaries include (a) second 
growth areas approaching maturity with animals as 
in the first-class type and (b) areas of original vegeta¬ 
tion from which not more than two important speoies 
of animals are missing, (3) Third-class nature 
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saactuaries include areas modified to a greater degree 
than second-claas ones. 

(1) Research reserves of the National Park Service 
are essentially nature sanctuaries. They recognuse 
two additional divisions of a park: (a) a greater part 
of the park open to the public and traversed by trails 
and roads, and (b) an area of development, hotels, 
etc. (2) Natural areas in the U. S. Forest Service 
sense are partial nature sanctuaries but primarily 
floral. (3) Primitive areas and wilderness areas in 
the U. S. Forest Service sense are primitive only in 
human transportation and conditions of hving. 
Vegetation may be cut over and various animals want- 
ing. (4) Research area and experimental area 
usually imply modiflcation (except in the National 
Parks). 

Except in desert and tundra, first-class nature 
sanctuaries are not available outside the national 
forest and national parks, and in rare instances in 
state and provincial parks. Bufter areas may serve 
as recreation areas, game reserves, etc. They are 
areas of partial protection not always available on 
all sides of natural areas. Reserve areas m the 
national parks and national forests are probably too 
small to serve as true nature sanctuaries. They have 
not been selected with reference to animals, and no 
buffer area of protection within which animals will 
not be disturbed is ordinarily set aside. 

Nature sanctuaries are essential if any of the 
original nature in North America is to be saved for 
future generations for scientific observation of, 
among other things, the important phenomena of 
fluctuation in abundance of plants and animals, their 
social life, etc. Due to lack of knowledge of these 
fluctuations custodians view each change in abundance 
with alarm and desire to apply remedies immediately; 
hence, constant pressure must be exerted on govern¬ 
ment agencies to prevent the current popular idea of 
‘^control” and “improvement” from entering into the 
management of national parks, provincial and state 
parks and other reserves containing natural areas suit¬ 
able as nature sanctuaries with buffer territories. 
The experiment of leaving areas essentially alone, 
which was so successful in a few of our parka, is 
worthy of repetition. In general much control ac¬ 
tivity is useless because it is applied to animals at 
their maximum abundance and barely hasten the 
natural decline. 

The Ecological Society of America urges a sub¬ 
division of all but the small reserves into aanotuaries, 
buffer areas of partial protection and areas of devel¬ 
opment for human use where this is one of the aims 
of the reserves. A further aim of the society is to 
promote adequate scientific observation bearing on 
the fluctuations in abundance, to stimulate coopera¬ 
tion between the controlling agencies in charge of 
game and vegetation reservations in Order that more 


logical units bo developed and better methods of 
administration adopted.^ 

Victor E. Shelpord 
Chairman of the Committee for the 
Study of Plant and Animal Com¬ 
munities, Ecological Society 
of America, 

THE WATER CONTENT OF MEDUSAE 

My accuracy has been questioned by Bateman,^ who 
writes that “Gortneria statement that medusae contain 
99.8 per cent, water is contradicted.” 

The statements which he criticizes are as follows: 

As I write these lines there lie before me two sheets 
of paper. One is the photograph of a large Medusa 
(jellyfish) from the Atlantic Gulf Stream which was 
photographed immediately after being removed from the 
water and being placed upon the open pages of a maga¬ 
zine. The Medusa, as removed from the water, weighed 
in excess of 500 grams. In the photograph one can read 
the distorted print through the more or less transparent 
outer portion of the umbrella, but the central portion of 
the Medusa which measured approximately 10 x 12 cm 
was sufficiently dense and opaque to prevent the print 
underneath from showing in the photograph. 

The other sheet of paper is the opened pages of the 
magazine upon which the Medusa had been allowed to 
dry after being photographed. These pages simply ap¬ 
pear as though they had been wetted and then dried. No 
noticeable film is discernible on the surface of the pages. 
The print is clear-cut, and even exposing these pages to 
ultra-violet light results in extremely slight fluorescence. 
Tbo weight of these pages exceeds by less than 0.45 gram 
the weight of the pages before the Medusa was dried 
upon them, heas than 0.10 per cent, of dried residue 
from the large Medusa including the salts, etc., in the 
adherent sea water and all of the inorganic constituents 
of the living organism 1^ 

In the discussion to this paper (p. 702) I pointed 
out that I was dependent upon the statement of the 
ooUeotor as to the weight of the living medusa, but 
that 1 bad myself confirmed the dry weight, also that 
on other occasions I had personally made somewhat 
similar observations. In another connection I have 
stated that “in some instances, as in the ease of the 
jellyfish, only an insignificant fraction of the organism 
is composed of organic material, as little as 1 per cent, 
of the jellyfish being organic matter,*'* 

Bateman's flat contradiction of my statement rests, 
in so far as I can ascertain, on his acceptance of the 
data of Krukenberg* (who reports 4.60 per cent. 

1 Full details of nature sanctuary plans will appear in 
the society official organ, Ecology, early in 1933. 

iJ. B. Bateman, ^'The Osmotic Properties of 
Medusae,” Jour, Exper, Bwl, 9: 124-127. 1982, 

A. Gortner, Trans, Faraday Society, 26: 678r-704. 

1930. 

aB. A, Gortner, ”Outlines of Biochemistry,” N* Y. 
(1929). C/.M. 227-8. 

*0. F. W. Erukmiberg, Zool dneeiger, 8 : 806. 1886, 
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solids in Ehizostoma cuvieri, 4.20 to 5.80 per cent, in 
Aurelia aurita and 3.70 to 4.25 per cent, in Chrysaora 
hyoscella) and the observations of Moebius'^ (who 
reports 2.06 to 2.10 per cent, in Aurelia aurita), and 
the non-acceptance of my data. It is somewhat sur¬ 
prising that Bateman does not report independent 
data of his own^ since he used a large Cyanea in his 
own studies. 

Unfortunately, I can not designate the species for 
which 1 have personal data, since no zoologist was 
available at the time the organism was secured. A 
photograph of the organism as secured, and as later 
dried down on a sheet of paper 23 x 30 cm has, how¬ 
ever, been published.® This medusa was not 6fonione- 
mua sp., as Bateman erroneously assumes. In no 
place have 1 made any statement as to the water con¬ 
tent of Gonionemus. Perhaps I am in error in word¬ 
ing my statements so that they might be interpreted 
as applying to all medusae, but I have said 
medusa,’'^ *‘one species of jellyfish (medusa) *Hhe 
oi^anism may contain,’’ etc., and have recognized that 
the physiological condition of the organism, e,g., 
presence of egg masses, etc., may make for a higher 
solid content. However, I still believe, from my own 
observations, that some salt-water medusae have a 
water content exceeding 99 per cent, and hope that 
investigators having access to such material will rein¬ 
vestigate this question, for it is those organisms with 
the low solid content which present the interesting 
physiological problems. 

Ross Aikek Gortner 

Ths ITniverbitt of Minnesota 

THE PHYSIOLOGICAL BASIS OF THE 
TWISTING HABIT IN PLANT 
GROWTH 

In connection with the interesting paper of Dr. 
William Seifriz in a recent number of Science^ on 
the spiral habit of growth, correlated with the twist¬ 
ing of the stem or trunk of many plants, considered 
as a result of physiological rather than environmental 
conditions, it was thought that it might be of interest 
to add a bit of evidence which has been obtained 
in this laboratory. 

In the ooui-se of on experimental program on the 
genetic effect of x-rays, an investigation has been 
undertaken of the physiological abnormalities of seed¬ 
lings of the citrus fruits grown from irracliated seed. 
It is hoped at a later time to publish the results in 
Ml, but two seedlings are of interest at the moment. 
From the time of sprouting, these young plants 
showed a decided tendency to spiral in a eounter- 
olockwise direction. Both plants twisted so markedly 

sK. Moebius, Ibid., 5; 686. 1882. 

A. Gortner, Oamma Alpha Seoord, 22: 42. 1982. 

1 Soames, January 18, 1933. 


that the trunk was bent from the vertical and the 
leaves, during early life, were cnisbed against the 
stem. After six months the habit was abandoned, and 
the later growth was normal. Both plants showed 
some evidence of tissue inversion and other charao- 
leristie x-ray injuries during early life. 

The seeds used in the work were obtained from a 
citrus experiment station, and represented a normally 
quite stable seed bed stock. Before treatment, they 
were soaked in distilled water for fifteen minutes and 
left in a moisture-saturated atmosphere for twelve 
hours. They were then dried on filter paper and were 
given doses of 2,400 roentgens of radiation from a 
thick-walled tungsten-target CooUdge tube operated 
.‘it 200 k.v.p. and 30 ma. current. The seeds were 
then planted in fiats in a mixture of sand and peat 
moss and maintained in a greenhouse, protected from 
wind and from sharp tempei-aturc change. Since the 
source of light was the sun, since undue mechanical 
shock was avoided for the seedlings, and since but 
two of the entire group showed any tendency to twist, 
it seems logical to assume tentatively that in this case 
a typical spiral growth, resulting in extreme twisting 
of the stem in a developing tree, was the result of a 
physiological rather than an environmental condition 
—possibly x-ray induced abnormal mitoses. 

C. P. Haskins 
C. N. Moorb 

Bbskakch Laboratory 
GKNEEA n Electric Company 
SCIIKNISCTADY, N. Y. 

AN UNUSUAL CRETACEOUS CIRRIPED 

The decision of the International Commission on 
Nomenclature (Opinion 118) that Scalpellum gabbi 
Wade' is a nomen nudum, on account of the ex¬ 
tremely cautious wording of Wade’s account of it, 
seems to make some further action necessary to place 
this rather unusual barnacle on a satisfactory basis. 
Wade figured the carina and an upper lateral plate. 
These are not known to belong to one individual, and 
it is even possible that they do not belong to the same 
species; but it happens that the carina was selected 
by Charles Darwin as the essential plate in diagnoses 
of fossil species of Scalpellum, most of which are 
known by detached plates.^ Wade’s figures of the 
carina are ample for the recognition of the species, 
which is quite peculiar among Cretaceous forms for 
the suboentral position of the umbo. Only four other 
Cretaceous species, all European, have this advanced 
form of carina. It may be doubted whether Scalpel¬ 
lum developed this type of carina so early, and it 
may turn out that these Cretaceous species belong to 

lU, S. Qeol. Surv, ProfesBional Paper 187, p. 191, 
plate 62, figs. 3, 4, 6, 7. 
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thA less evolved Smilium group, a question which can 
be settled when specimens are found with plates in 
place. I propose to restrict Scalpellum gabbi Wade 
to the caxina represented in his plate 62, dgs. 3 and 
4. The figures are inverted. 

H. A. PiLSBKY 

Acauemy or Katubal Sciences, 

Philadelphia 

STREAM DOUBLE REFRACTION EXHIBITED 
BY JUICE FROM BOTH HEALTHY AND 
MOSAIC TOBACCO PLANTS 

In previous papers^** we reported that juice from 
tobacco plants infected with tobacco mosaic virus e.x- 
hibita a stream double refraction characteristic of sols 
containing rod-shaped particles. Juice from healthy 
tobacco plants did not show double refraction. The 
juice was always obtained by freezing the tissues, fol¬ 
lowed by thawing, pressing and centrifuging. 

Since the publication of these results we have foimd 
that centrifuged juice from unfrozen, macerated, 
healthy leaves regularly exhibits stream double refrac¬ 
tion, and juice pressed from healthy tissues which have 
been frozen, thawed and pressed may sometime's show 
stream double refraction if uncentrifuged. 


After juice from unfrozen, macerated, healthy to^ 
bacoo leaves was subjected to Vinson^s” eafraoiizv-^ 
Lloyd's reagent treatment for purifying tobacco mo¬ 
saic virus—the purified preparation failed to show 
stream double refraction; however, purified virus 
from unfrozen mosaic leaves exhibited strong stream 
double refraction and, like the unpurifled virus, 
could usually be diluted with 200 parts of water 
before double refraction disappeared. These results 
apparently indicate that all the detectable doubly re¬ 
fractive material was removed from the healthy juice, 
but that none was removed from the infective juice 
by the purification treatment, and suggest the possi¬ 
bility that much or all of the doubly refractive mate¬ 
rial in the juice from diseased plants may be different 
from that in juice from healthy plants. However, the 
present evidence is insufficient to warrant conclusions 
as to whether the virus particles are or are not re¬ 
sponsible for all or part of the double refraction ex¬ 
hibited by juice from diseased plants. 

William N. Takahashi 
T. E. Rawlins 
Division or Plant Pathology 
Univeesity op Oalipornia 


SCIENTIFIC BOOKS 


PrimipUs of Gefietics; A Text’book, with Problems* 
By E. W. SiNNOTT and L, C. Dunn. McGraw-Hill 
Book Company, New York. Second edition, xvi + 
441. 1932. $3.50. 

Recent Advances in Plant Genetics, By P. W. San- 
some and J. PiiiLP, with foreword by Sir Daniel 
Hall. P. Blakiston's Son and Company, Philadel¬ 
phia. x + 414. 1932. $4.00. 

The two publications cited above are of interest 
from the light they throw upon the rapid evolution 
of genetics within recent years, entirely apart from 
the information which they may lay before the stu¬ 
dent. It was not so long ago that genetics was con¬ 
cerned chiefly with 3:1 ratios or modifications of such 
ratios. The original concept of the gene was inde¬ 
pendent of its location in the chromosome and the 
intimate behavior of chromosomes was of relatively 
little interest to geneticists. Cytologists seemingly 
had tired of working out the alteration of generations 
in lower forms and the relatively few who remained 
in the field of cytology appeared interested in the 
structure of chromosomes and their behavior in 
nuclear division without much concern as to what dif¬ 
ferences in structure and behavior mean to the or¬ 
ganism and its offspring. A change has taken place 

iProo. 8oo* Exper. Biol. Med., 30: 166-16/, 1932. 
a Science, 77; 20-27, 1933. 


in the attitude of geneticists toward cytology which 
has been especially marked within the last half dozen 
years. Chromosomal behavior has become the foun¬ 
dation upon which modem genetics is now being built 
as is shown by the two texts under review. 

The American text by Sinnott and Dunn is a re¬ 
vised edition of their 1925 publication. Two new 
chapters have been added, one on the contribution of 
genetics to evolutionary theory, and one en the relk- 
* tion between genetics and development. The chapters 
on the application of genetics in plant and animal 
breeding, on inheritance in man and on the problems 
of eugenics have been eliminated. The treatment of 
biometric methods has been rewritten by D, B. Charles 
and placed in an appendix. Among the topics which 
have received new or extended treatment may be men¬ 
tioned the induction of mutations by radiation; rceent 
analysis of chromosomal changes; segmental inter¬ 
change betjreen ohromosomes; the eytologieal demon¬ 
stration of crossing-over; mapping of genes in chroum- 
somes by eytologieal methods; chromosomal and genie 
balance; and the physiological interpretation of tiie 
facts of heredity. At the end of each chapter are 
given a dozen or more reference^ problems aimed to 
stimulate the student in extending his grasp of the 
subject under discussion by study of original sotito^ 

h' V it 

^PkytopeUh., 122; 29, 1982b . ' 



BCIENOS 


in the literature. In addition there k in the appendix 
a Ikt of over 400 problems based on the text, a large 
proportion of which demand oaloulationfi from data 
presented. The problem method seems to have met 
with suooesa at the hands of the authors since the 
number of problems given is increased over the earlier 
edition. They should help the student to a more thor¬ 
ough grasp of the subject as is the case with ‘‘origi¬ 
nal” problezQs in text-books of geometry. They should 
thus make teaching easier for most teachers. It would 
not be surprising, however, if a demand should have 
arisen for a set of answers to be sold only to teachers 
as has been the case with the problems in texts on 
mathematics. The authors are recognized investiga¬ 
tors and experienced teachers in the adjoining fields 
of botany and aoology. Their association in the Con¬ 
necticut Agricultural College as well as more recently 
in Columbia University has given them an experience 
and sympathy in applied as well as in fundamental 
problems of their subject. As one would expect, their 
text has profited by their experience and appears to 
be a well-oiganixed and balanced treatment of the 
principles of genetics which is presented in a form 
admirably adapted to the classroom. 

The English publication by Sansome and Philp 
is a marked contrast to the American text. Its scope 
and manner of presentation is not adapted to the 
generalized undergraduate course in genetics. It is 
ihtendod, however, primarily for the teacher and the 
research geneticist and by them will bo found a valu¬ 
able and stimulating book. Its title would suggest 
that the organisms discussed are plants only. This is 
in the main true, but a treatise on plants could not be 
good genetics if it gave no reference to Drosophila, 
which the authors apparently classify as a banana 
plant product. The subject-matter is further re¬ 
stricted to the more recent advances in plant genetics \ 
those mainly of the last ten years. A balanced treat¬ 
ment even of this limited period is not attempted and 
certain topics such as sex, chimeras and the mathe¬ 
matics of inheritance and populations receive little 
or no oonsideration. The main purpose appears to 
be to acquaint the reader with the last words about 
chromosomes in relation to genetics.^ In some cases 
the last word literally had not yet been spoken since 
there are frequent references to papers in press. The 
authors might well have had added the subtitle 
“Chiasmotypy and its effect upon genetic phenomena,” 
^since much space is given to this still rather contro¬ 
versial theory. There can be no doubt, however, of 
, the importance to geneticists of an understanding of 
; the early stages in the reduction divisions. This has 
heen hitherto largely a terra incogrUta, Fortunately, 
^ beginning to be explored through direct cyto- 
Observation and we are no longer confined to 


genetic evidence as to ^idiat has happened at this 
stage. Polyploidy and segmental interchange are dis¬ 
cussed in considerable detail, especially in relation to 
the species problem. 

The difference in view-point between the American 
and the English books may be seen by a couple of 
examples. Sansome and Philp devote eight'pages 
to the various hypotheses advanced by different in¬ 
vestigators to account for spcltoid wheats and fatuoid 
oats because they obviously are a chromosomal prob¬ 
lem tied up in some way with the polyploid nature 
of these species. These abnormal types are appar¬ 
ently not mentioned by Sinnott and Dunn, probably 
because they felt it wiser in presenting the principles 
of genetics in a text-book to concentrate upon the 
phenomena about which there was general agreement. 
In the English book there is an extensive bibliography 
of 47 pages placed in convenient position for refer¬ 
ence at the end of the text. In the American book 
the citations are fewer in number and grouped at the 
end of the chapters to which they refer. This ar¬ 
rangement is doubtless an advantage for the student 
working over the pages for the first tinm but is incon¬ 
venient for general reference. 

The English book is an outgj-owth of the assopia- 
tion of the two authors in the John innes Horticul¬ 
tural Institution. It is only a dozen years ago at the 
Toronto meeting of the A„S, that the leader of this 
institution denied that we had any knowledge of how 
species have arisen in nature, though he expressed 
the belief that any day the mystery of species might 
be solved. Bateson was the godfather of modem 
genetics anS outstanding os a leader in genetic thought 
but, although at Toronto he confessed his conversion 
to belief in chromosomes, like so many of his day he 
never really came to think of genetic problems pri¬ 
marily in terms of chromosomal behavior. It is of 
interest, therefore, to see the John Innes Institution 
taking such a leading part in making chromosomes 
and their activities the basis of modern theories in 
genetics. In the book discussed, which in no small 
measure is an embodiment of recent investigations at 
this institution, the formation of new species in a 
number of plants has been shown to be a relatively 
simple chromosomal phenomenon. 

The book is not a text for elementary students since 
it treats in large measure of unsettled problems and 
is not easy reading. It is a useful publication, how¬ 
ever, and can be recommended strongly to advanced 
stud^ts and research workers since it brings together 
the moat recent investigations in the modem field of 
cytofcnetics. 

Albert F. Blakbsuqe 

Oarntoie Institution 
Cold Sprtno Habbor, N. Y. 
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SPECIAL CORRESPONDENCE 


THE SIXTH MENDELEEV CONGRESS 
AT KHARKOV 

One of the largest gatherings of chemists that have 
ever taken place was witnessed recently at Kharkov, 
capital of the Ukraine Soviet Republic, where some 
3,000 chemists, from different parts of the U. S. S. R., 
and several foreign guests met at the sixth Mendeleev 
Congress. Since the death of the great clieniist, the 
congress bearing his name has been held on an aver¬ 
age of every three years. The last one met in Kazan 
in 1928, and the next in 1934 will coincide with the 
centenary of the work of the famous founder of the 
periodic table of elements. It will take place in 
Leningrad at the same time ns tlio proposed interna¬ 
tional congress of pure and applied chemistry and 
will give an opportunity to many European chemists 
to become acquainted with their Russian colleagues. 

The Kharkov Congress differs from similar gath¬ 
erings in the division of its organizations into “col¬ 
umns” and “brigades,” each studying some special 
problem in connection with the second Five Year 
Plan. Side by side with classical divisions into bio¬ 
chemistry, electrochemistry, colloid chemistry, there 
were special sections dealing with catalysis, raw mate¬ 
rials (organic and mineral), chemittal equipment, 
plant control, etc. 

The first throo days were devoted to general surveys 
in the more important subjects and to a review of 
the relations between chemistry and socialist recon¬ 
struction by Zatonski, formerly professor of physical 
chemistry and now an important figure in the Ukrain¬ 
ian government. Later the congress divided into 
columns and brigades. The outcome of their discus¬ 
sion was embodied hi a number of resolutions, which 
were organized and coordinated by another smaller 
conference to be convened in Moscow on December 1 
and will serve as a basis for development of the chem¬ 
ical program of the second Five Year Plan. 

There were upward of five hundred reports pre¬ 
sented at the congress, which makes it impossible to 
deal even superficially with their subjeet-mattcr. The 
titles of the papers read at the general meetings will 
indicate the range of the subjects covered: “The Ap¬ 
plication of Wave Mechanics to Chemical Problems, 
Including Recent Theories of the 'Spinning' Elec¬ 
trons,” by George Roumer; “Electrostatic Theories 
of Valence,” by G. K. Carkin; “The Structure of 
Complex Compounds,” by T. A. Kazarnovski; “The 
Theories of Catalysis,” by B, Roginski; “The Theo¬ 
ries of Adsorption,” by A. Frumkin; “Chemistry and 
Metallurgy,” by E. I. Orlov; “Utilization of Raw 
Materials,” by A. C. Fersman; “Chemistry and the 
Harvest Problem,” by K. N. Sokolovski, and “Chem¬ 
ical Equipments,” by S. L, Schipkin, 


As examples of specific discoveries in the field of 
applied chemistry, one may mention the interesting 
researches of Madame Yermolyeva, of the Bach Insti¬ 
tute of Biochemistiy (Moscow), who found that traces 
of certain ferments obtained from decomposing bac¬ 
teria will act os preservatives for caviar. These 
ferments have certain or all the properties of the 
bacteriophage, since they are able to destroy bacteria 
and to liberate more ferments in so doing. 

A new process in aluminium technology, depending 
upon the special condition existing in the U. S. S. R., 
where petroleum refining and aluminium metallurgy 
can be developed side by side upon a large scale, has 
been worked out by PI A. Kaznnovski (Moscow). It 
depends upon the production of aluminium chloride 
by the action of chlorine on impure bauxite or upon 
kaolin; the resulting chloride is used as a catalyst in 
the cracking of petroleum. From the residue on tht‘ 
cracking process one may recover hydrochloric acid 
and eventually regenerate chlorine, while the remain¬ 
ing bauxite is electrolized to give metallic aluminium. 

An achievement to which Russian chemists point 
with pride is the manufacture of synthetic rubber 
from alcohol, the latter being obtainable from saw¬ 
dust. An exhibition of chemical products, which was 
held at Kharkov at the time of the congress, included 
many objects from synthetic rubber (tires, goloshes, 
tubing, etc.) side by side with others made from the 
usual natural rubber and from rubber obtained from 
the roots of the Caucasian plant Tau-Saghiz (Scro- 
zonea Saghiz). There were other exhibits showing 
various raw materials and also dyestuffs and pharma¬ 
ceuticals, indicating a distinct advance in Russian 
fine-chemicals manufacture. 

The congress was mainly remarkable because of 
the great interest shown in its proceedings not only 
by the participating chemists but also by the genei'ul 
public. This was due largely to the publicity given to 
technical matters in the Soviet press. 

A number of foreign guests attended the conference. 
These included Dr. B. E. Liesegang, of Frankfurt, 
Professors Kurt Hess, Pitch and Klagcs, of Berlin, 
Dr. Giacomo Fauser, of Italy, Professor N. C, Green¬ 
wood, of Melbourne, Australia, Dr. V. Cofman and 
J. G. Crowthcr, London. The guests were presented 
with a beautiful sot of photographs of eminent cheih- 
ists, excursions were organized to the newly built dam 
on the Dnieper and the extensive eleotrochemioal 
plants for the manufacture of aluminum, steel, etc., 
which are nearing completion, and most of the for^n 
chemists remained to witness the brilliant November 
celebration in Moscow. 

VlCnOR COVKAN 

London 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 


IMPROVING THE STAINING ACTION OF 
IRON HAEMATOXYLIN 

Iron haematoxylin, the moBt useful stain available 
to the eytolog^t, has during the past few years caused 
a great deal of trouble for a number of microscopists 
through its erratic behavior. Sometimes the desirable 
crisp black and white contrasting stain would be ob¬ 
tained, but more often it was not. The cytoplasm 
would retain the stain with the resulting muddy ap¬ 
pearance seen all too often of late years. Stock solu¬ 
tions became turbid and lost their staining action in a 
few weeks. 

Three years ago it occurred to the writer that if 
neutral solutions were essential to blood stains, neu¬ 
trality might be a factor in the successful use of iron 
haematoxylin. Our distilled water was known to be 
slightly acid (about pH 6.G). A trace of so dium bicar- 
bonate was added to a fresh 0,5 per cent, solution of 
haematoxylin. The straw-colored solution changed at 
once to the rich darfc red wine color recognized as 
typical for an aged sample of this stain. Sections 
stained in this solution differentiated perfectly. 

This 0.5 per cent, solution remains clear for about 
six months or occasionally longer and stains well as 
long as it is clear. These results have been obtained 
equally with haematoxylin crystals of pre-war Grueb- 
ler make or with the recent C. P. product of Mc- 
Andrew and Forbes of America. After a solution of 
0.6 per cent, haematoxylin becomes turbid the stain¬ 
ing action is uncertain and the solution should be dis¬ 
carded. Even though six months should mark the 
functional life of the solution this docs not seem 
serious in view of the successful behavior of the stain 
during this period. 

Inasmuch as there appears to be a rather wide lati¬ 
tude in the quantity of bicarbona te that may or should 
be added to the solution '8i^TB%in, it has not seemed 
worth while to determine the exact quantity added nor 
the pH obtained. In practise, to a liter of solution 
a very small qu^t^y of sodium bicarbonate is lifted 
on the point of a scalpel anS dropped into the solu¬ 
tion. This rule of thumb procedure has never failed 
to work, although the quantities of alkali added must 
have varied considerably. 

The making of a 0.5 per cent, solution is greatly 
facilitated by preparing (according to the directions 
given in Kingsbury and Johannsen’s “Histological 
Technique”) a 10 per cent, stock solution of haema¬ 
toxylin dissolved in 96 per cent, alcohol. This solu¬ 
tion keeps indefinitely and 5 oc of it in 100 cc of 
water gives a staining solution of the proper strength. 
To this solution the sodium bicarbonate is added. 

This poeedure Ims been in use for three years in 


this and neighboring laboratories and has given uni- 
form results. 

UNIVEBSITY op PlTTSBUHGH 


A DEVICE FOR MOUNTING ANATOMICAL 
PREPARATIONS 

A aiupLE and convenient method for mounting 
anatomical preparations is as follows: A plate is 
made by melting hard paraffin and pouring it into a 
form (os a box top, etc.) where it hardens to form 
a plate from one fourth to one half inches in thick¬ 
ness. During the process of molting, enough lamp¬ 
black is added to give the mixture a deep black color, 
which is, of course, an advantage where a dark back¬ 
ground is desired. To prevent curling of plates after 
immersion in preservative, two glass rods are em¬ 
bedded parallel to each other, one on each side of the 
plate, just before the process of hardening is begun. 
These rods may be of various diameters, but we have 
found that those from 6 to 8 mm in diameter are quite 
satisfactory. The length of the rods will depend 
upon the length of the plate as they are placed length¬ 
wise within the plate (Fig. 1 a a). Before the rods 



are dropped in the melted paraffin a loop or two of 
heavy twine is wrapped around each end of each rod 
so that the rods will be suspended near the middle 
of the plate after it hardens (Fig. 1 b). Care must 
be taken to smear the inside of the box fom with 
glycerine so that the hardened plate can be removed 
easily from the form. 
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The addition of Borne beeswax and resin to the 
paraffln-lampblaok mixture will increase to a con' 
edderable extent the ri^dity of the plate; although 
these constituents are not absolutely necessary. 

Before the plate has hardened, and is still plastic, 
the anatomical specimen is pressed down slightly into 
the soft plate to hold it in position and is fastened 
there with thread looped around the parts of the 


specimen; passed through holes, and tied at the back 
of the plate. Necessary labels are now attached. 

When oompleted; the preparation is immersed in 
a preservative in a museum jar. Such preparationB 
will last for an indefinite time. 

H. W. SOHOSNBOttK 
C. P. Hickman 

DaPAuw Univeositt 


SPECIAL ARTICLES 


THE PARTICLE SIZE OF THE VIRUS OF 
EQUINE ENCEPHALOMYELITIS 

A MOST interesting epidemic of acute euoepbalo< 
myelitis occurred among horses and mules in various 
local districts of California during the summer and 
fall of 1930, 1931 and 1932- Bacteriological and 
pathological studies of the disease were conducted by 
Meyer, Haring and Howitt and these workers have 
reported elsewhere^-"*” the salient cliaracteristics of 
the virus and its effects on animals. In this work 
they recorded the filterability of the virus through 
Borkefeld V and N candles. However, filtration ex¬ 
periments utibzing the usual forms of candles, furnish 
no adequate basis for estimating the particle size of 
the virus because many factors other than mechanical 
sieve action have been shown to condition the filtera¬ 
bility of a microorganism through such filters. 

In order to obtain some idea of the virus particle 
size filtration experiments were performed with the 
acetic collodion gel ultrafilter series described by 
Krueger and Ritter* which possess the advantage of 
uniformity and low adsorbing surface area. The pore 
sizes of these membranes depends upon the percentage 
of uitro-celiulose dissolved in the glacial acetic acid 
and have been estimated by testing the permeability 
both to colloidal sols of known particle size and to 
water under certain standard conditions. The two 
methods of estimation give figures of the same order 
of magnitude with a relatively small constant differ¬ 
ence between them. Manogold and Veit*^ have shown 
that this difference may be materially reduced by 
basing the pore size calculations from water 
permeability data upon the assumption of a random 

1 K. F. Meyer, C. M. Uaring and B. Howitt, * ‘ The 
Etiology of Epizootic Encephalomyelitis of Horses in the 
San Joaquin Valley, 1930/’ Science, 74: 227-228, 1931. 

2 C. M. Haring, J, A. Howarth and K. P. Meyer, * ‘ An 
Infectious Brain Disease of Horses and Mules.” (EB' 
cephalomyelitis),” University of California Agricultural 
Experiment Station Circular 322, August, 1931. 

3 B. Howitt, ' ‘ Cross Immunization Experiments with 
Poliomyelitis Virus and that of Encephalomyelitis in 
Horses,” Proo. 8oc. Exp. Biol, and Med,, 29: 118-120, 
1931, 

*A. P. Krueger and Bitter, ”The Preparation of a 
Graded Series of Ultrafllters and Measurement of their 
Pore Size,” Jour. Oon, Physiol^ 13: 409, 1930. 

3B. Manegold and K. Veit, ”tlber Kapillaraysteme, 
XI,” Kol Zeitschr., Bd. 56, H. 1, 1931. 


pore distribution as contrasted to paraUel capillary 
bundles such as we had assumed to exist in the mem¬ 
branes. The result is a practical coincidence of the 
two pore size curves. 

During the past year sibd one-half we have used 
different materials in making the membranes and 
have made minor alternations in the technique of 
preparation. The pore sizes of the series necessarily 

Ul/TRAriLTBATION OF SUSPENSIONS 01* ENOBPHAnOMTE- 

LiTiB Brains 


No, 


Dilution of 
original super- 
nat^t from 20 
per cent, brain 
suspension 


Per cent, 
collodion 
(Ultra¬ 
filter) 


Bacterial 

cultures 

from 

filtrate 


Animal 

inoculation 

filtrate 


1 

Undiluted 

3.0 

0 

Typical 





disease 

2 

Undiluted 

3.0 

0 

Typical 





^sease 

8 

1: 2 with saline 

3.0 

B. snbtilis 

Typical 

disease 

Negative 

4 

1: 2 with saline 

3.0 

B. subtilis 

5 

Control undl* 

Unfiltered 

0 

Typical 


luted 



disease 

6 

Control 1:2 with 

Unflltered 

0 

Typical 


saline 



disease 

7 

1:2 with broth 

3.0 

0 

Typical 

disease 

8 

1:2 with broth 

3.0 

0 

Typical 





disease 

9 

10 

Control undi¬ 
luted 

Control 1:2 with 

Unfiltered 

Unfiltorod 

0 

0 

Typical 

disease 

Typical 


broth 



disease 

11 

Undiluted 

4,0 

0 

Negative 

12 

Undiluted 

4.0 

0 

Negative 

13 

Control, undi¬ 

Unfiltered 

0 

Typical 


luted 



disease 

14 

Control, undi¬ 
luted 

Unflltered 

0 

Typical 

disease 

15 

Undiluted 

3.5 

0 

Negative.. 

16 

Undiluted 

3.5 

0 

Negative 

17 

Control, undi¬ 

Unflltered 

0 

Typical 


luted 



disease 

18 

Control, undi¬ 
luted 

Unflltered 

0 


19 

1:2 with broth 

3.5 

0 

Negative 

20 

1:2 with broth 

3.5 

0 

Negative 

21 

28 

Control, undi¬ 
luted 

Control 1:2 with 
broth 

Unflltered 

Unflltered 

0 

0 
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have had to be re-determiaed and do not correspond 
to the previonsly reported series. A description of 
the present membranes will be reported elsewhere. 

In the present experiments the test material used 
was a 20 per eent brain suspension in normal saline 
freshly prepared from guinea-pigs which had been 
killed at the height of the disease. The suspension 
was centrifuged at low speed to remove coarse tissue 
particles and was then filtered under low negative 
pressures throngh sterile membranes of various pore 
sizes. The filtrates wore tested for the presence of 
the virus by inoculating 0.3 cc. intracerebrally into 
guinea-pigs. 

The table appended shows that the virus traverses 
a 3 per cent, membrane but is retained by a 3.6 per 
cent, membrane. The usual bacteriologioal tests for 
the detection of microorganisms were applied to the 
filtrates with negative results. Our data would indi¬ 
cate an approximate particle size of 500 pm for the 
virus as it exists in brain suspensions. Under like 
conditions of preparation and filtration it is of the 
same order of magnitude as the causal agent of 
poliomyelitis^ an analagous disease of man and is 
apparently ten times the size of the hoof and mouth 
disease virus particle.^ Dilution does not appear to 
render the virus more finely dispersed, as by elution 
from carrier particles for example, nor to affect the 
filter pore surfaces so that the particles pass more 
readily. 

A. P. Kkubger 

B. Howitt 

ViBGINJA ZuiLOn 

A NEW PROCESS FOR THE SYNTHESIS OF 
PHENANTHRENE AND OF PHENAN- 
THRENE DERIVATIVES 

FoLLOWiiro up the researches on ionene lately cxim- 
mnnicated,' Davidson and Perlman have now suc< 
seeded, in these laboratories, in applying the knowl¬ 
edge gained in the ionene field to the development of 
a new process for the synthesis of phenanthrene and 
of its derivatives. 

By the well-known Grignord reaction, 1-phenetbyl- 
cyolohexan<d-l (I) was prepared from phenethyl 
magnesium bromide and cyclohexanone. When this 
tertiary alcohol (I) was treated with oonoentrated 
sulfuric acid, it split out a molecule of water and con¬ 
densed to the same octahydropbenanthrene (III) as 
Bardban and Sengupta* obtained from 1-phencthyl- 

bA. P. Kruger and E. W, Schultz, “ Ultrsflltration 
Studiw on the Virus of Poliomyelitis,'' Proc. Boc. Exp. 
Biol and Med.. S6; 600, 1930. 

t P, K. OUtsi^ and L. Boez, Jowr. Mmp, Med., 45: 673, 
1027. 

iBogert, Smwai, n. s., 76: 1977, 475, November 18, 
1 ^ 82 * 

c.dW. ^oc., 1082, 2520. 


cyclohexanol-2 (IV), and like it gave a good yield 
of phenanthrene (V) when dehydrogenated by heating 
with selenium. 

Bardhan and Sengupta appear to assume a direct 
cyclodehydration between the OH of the alcohol and 
an H of the benzene nucleus. But, ns we have showm 
in the ionene group (see the nbove reference), such 
condensations may proceed rather through the forma¬ 
tion of the olefin first, which then rearranges by 
cyclization. That this is the case here also, Davidson 
and Perlman have now proven by heating tlie alcohol 
(I) for one minute with 50 per cent, sulfuric acid, 
when the olefin (II) was obtained. The same olefin 
was prepared by distilling the alcohol with a crystal 
of iodine. Treatment of this olefin with concentrated 
sulfuric acid rearranged it to the octahydrophenan- 
threne (III). These reactions indicate that the struc¬ 
ture of the olefin is that shown in the formula (TI), 
and that such an olefin could be formed by dehydra¬ 
tion of either our alcohol (I) or that of Bardhan and 
Sengupta (IV). If this is really the mechanism of 
the condensation, as we believe it to bo, it is clear 
why the same octahydropbenanthrene results whether 
the OH on the cyclohexane nucleus is in Position 1 
(I) or 2 (IV). 

nO=CH~C~ -^11—OH, 

H(i!=cir—lljr ciij —(!^-oh 
> (I) (iu, in, 

on,—in, 


HC=CII—C-OH,—CH, 

iiiriCn—H h 

(II) in, in, 
t in,—CH, 

HC=CH—C—CH,-Cl r, 


HO-CU—C—CH,—CH, 

nc—cii——in 
— (Ill) in, CH, 




We believe that this synthesis has certain ad¬ 
vantages over that of Bardhan and Sengupta, in that 
it starts with a simpler irfltial material, cyclohexanone 
instead of the potassium derivative of its ethyl 
carboxylate, and involves fewer steps. The investiga¬ 
tion therefore is being extended in various directions, 
by using other carbonyl compounds in place of 
cyclohexanone and and other Grignard reagents in¬ 
stead of phenethyl magnesium halides. 

Marston Tatlou Bogbrt 

LABOUATCMLiaS OF ObOAKIC CnZMIHTRY 
OOWTMDIA UNtVJBESITY 
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THE FORMATION OP SEMI-TRANSPARENT 
MEMBRANES FROM CULTURES OF 
SLIME-PRODUCING MICRO¬ 
ORGANISMS 

This article presents a brief description of a pro¬ 
cedure developed at this laboratory for the successful 
Ijroduction of semi-transparent sheets resembling 
parchment from cultures of slime-forming micro¬ 
organisms. 

The investigations of Beijerinck^ and Ilarrison* 
have made important contributions to fundamental 
knowledge of the viscous fermentations. These 
authors considered an appreciable number of causal 
species and described the formation of specific slimy 
materials. As a result of this work, attention has 
been directed to numerous groups of slime-forming 
bacteria, including the levulan-formiug types, the 
producers of dextran, the celluIan-yielding group and 
those forming the nitrogenous slimes or mucins. 

Conceniing the class of nitrogenous slimes, sLringi- 
ness in cultun^s of marine bacteria (Sanborn^) was 
developed to a degree of cohesiveness which permitted 
the drawing out of the slimy substance into fine, con¬ 
tinuous filaments. Preliminary experiments showed 
that, with the aid of a coagulating bath, it was i)os- 
sible to convert those filaments into flexible threads. 
While such films proved to have little economic value, 
the results obtamed were sufficiently arresting to 
justify the investigation of other slime-forming 
groups along similar lines. 

In a recent article on the microorganisms involved 
in the formation of pulp and paper mill slimes, the 
author* has emphasized the filamentous and yeast-like 
fungi in addition to the bacterial groups. The slimes 
formed by tliis diversified floi*a were heterogeneous, 
and variously designated to indicate the major types. 
Of all the viscous materials produced in the carbo- 
liydratc media provided, the gelatinous, cellulose-like 
masses formed by certain species of Oidium and 
Muniha, possessed the most promising qualities. 
These organisms built up abundant, doughy surface 
growths which became tough and leathery after sev¬ 
eral weeks. Development was rapid in glycerol and 
potato decoction, resulting in the formation of thick, 
rubbery mats in the shallow layers of this medium. 
Dextrin or glucose may be substituted for glycerol. 

The growths were collected and subjected to treat¬ 
ments, the purpose of which was to convert the slimes 
either into strands or into comminuted masses. The 
material could then bo brought into uniform suspen¬ 
sion and deposited upon the sheet-forming substratum. 

1 van M. W. Beijerinck, Folia Uicrohiologicat 1 : 377. 

1012 . 

»r. 0. Harrison, Trans. Soy. 8oo. Can., 2 Ser. 4 Sec. 
11: 71, 1905; F. O. Harrison, et al., Can. Jour. Bes., 3; 

440, 1080. 

s J. B. Sanborn, Jour. Baoteriol., 28: 350, 1932. 

4 J. B. Sanborn, Jour. Baoteriol In press. 1933. 


The formation of the sheet, due, in all probability, 
to the coalesocnoe of the slime particles, was readily 
achieved. In one case the material was digested in 
zinc chloride and regenerated in the form of strands, 
in water. According to the other method the growth 
was comminuted directly by agitation, without diges¬ 
tion. This more direct procedure, now employed ex¬ 
clusively, yielded sheets of lighter color and greater 
transparency than could be produced by the former 
method. 

Immediately following tbeir formation, the sheets 
were treated with a lubrication emulsion to give them 
flexibility, resilience, and sizing qualities. The process 
was completed by drying in a steam hot plate sheet 
dryer. A more complete account of these slime sheefs 
will occur in a later article. 

J. R. Sanborn 

Internationai^ Paper Company 
Glens Falls, N. Y. 
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»2UQics were thus actually limited to the treatment of 
small enoug’h systems and weak enough gravitational 
fields so that the deviations from this kind of space 
time could be neglected, and the Newtonian theory of 
gravitation could be applied as a close enough ap¬ 
proximation. In order, however, to investigate the 
thermodynamic lieliavior of large portions of the uni¬ 
verse as we may wish to do in connection with 
cosmological problems, and in order to obtain, even 
in the case of small systems, more precise expressions 
for the tiiormodynamic effects of gravity, it becomes 
necessary to extend thermodynamics to general rela¬ 
tivity, and make use of the more valid ideas as to the 
nature of space and time and the more precise theory 
of gravitation which Einstein has now provided. 

(2) The Character and Validity of Thermody¬ 
namics AND Relativity 

In carrying out these proposed extensions of ther¬ 
modynamics to relativity, it proves possible to com¬ 
bine the known principles of thermodynamics witli 
those of special and general relativity in a very 
natural manner with only small and apparently 
rational additions in the way of new hypothesis. 
Hence the character and validity of the system of 
relativistic thermodynamics that we obtain is largely 
dependent on the character and validity of the two 
component sciences. 

In character, the classical thermodynamics may be 
regarded as a macroscopic, phenomenological science, 
which has no actual need for that interesting kind of 
support that can be furnished by the microscopic 
atomic considerations of statistical mechanics, but 
which attempts to treat the gross behavior of matter 
with the help of those generalized descriptions of the 
results of numerous gross experiments on the mechan¬ 
ical equivalent of heai and on the efficiency of heat 
engines, which we call the first and .second laws of 
thermodynamics. 

As to the validity of thermodynamics, we have feel¬ 
ings of groat confidence, on account of the extensive 
expeninontal verification which exists, not only 
directly for the two laws themselves, but for an ex¬ 
traordinary number of consequences which have been 
drawn from them—often by elaborate but logical 
trains of deductive reasoning. Further additions to 
the principles of thermodynamics may be found, such 
as the newer so-called third law of Nornst and 
Planck, but we can not escape the conviction that, 
so long as the human mind retains its present ideas 
of rationality, these additions are likely to prove—as 
in the case mentioned—supplementary rather than 
destructive. 

Relativity, a science which changes as it does our 
very ideas as to the nature of space and time, has 


much more fundamental and far-reaching implica¬ 
tions than thermodynamics and can not be so easily 
characterized. There are, however, certain similarities 
between the two sciences which may be emphasized. 

In the first place, at least in its present stage of de¬ 
velopment, relativity must also be regarded os a mac¬ 
roscopic theory dealing with ideas as to the nature of 
space and time which have been directly derived from 
macroscopic experiences. Indeed, in view of Heisen¬ 
berg’s uncertainty principle and the great difficulties 
which have been encountered in all attempts to con¬ 
struct a satisfactory relativistic quantum mechanics, 
we may even doubt whether these ideas as to space 
and time are even suitable for microscopic considera¬ 
tions. This, however, offers no difficulties if we are 
to combine with another macroscopic science such as 
thermodynamics. 

In the second place, although we are often inclined 
to be specially impressed by the wonderful conceptual 
content of the theory of relativity, we may here em¬ 
phasize its not negligible character as a phenomeno¬ 
logical or descriptive science. 

Thus the first of the two postulates of the special 
theory of relativity may be regarded as a generalized 
description of many failures to detect tbo absolute 
"V’elocity of the earth^s motion. And the second postu¬ 
late may be regarded as a mere empirical statement 
of that constancy in the velocity of light, which is 
specially clearly demonstrated in the case of distant 
double stars by the lack of any effect from the chang¬ 
ing motions of the members of the doublet on the 
time needed for their light to reacii the earth. 

Turning, moreover, to the two postulates necessary 
for the general theory of relativity, the principle of 
equivalence may be regarded not unfairly as a rea¬ 
sonably generalized description of Galileo^s discovery 
that all bodies fall at the same rate. The principle of 
covariance, however, is on a somewhat different foot¬ 
ing, since, as first pointed out by Kretschmann—given 
sufficient mathematical ingenuity—any physical law 
whatever could undoubtedly be expressed in oovariant 
language the same for all coordinate systems, so that 
the principle of covariance can imply no necessary 
physical consequences. Nevertheless, as emphasized 
by Einstein, the actual phenomena of physics must 
themselves be independent of the choice of coordinate 
system which is a conceptual introduction on the part 
of the scientist which may be made in any way that 
may suit his convenience or please his fancy. Hence 
the actual employment of invariant forms of expres¬ 
sion in searching for the appropriate axioms of 
physics is desirable in order to avoid the introduction 
of unsuspected assumptions which might otherwise be 
insinuated by the use of special coordinates. We can 
then also, somewhat facetiously, emphasize the pbe- 
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nomenological character of the principle of covari¬ 
ance, by regarding it as a generalized description of 
the familiar phenomenon, that the purely conceptual 
activities of man—^in inventing imaginary coordinate 
systems—are likely in first approximation to have no 
immediate effect on the laws of physics. 

As to the validity of the theory of relativity, we 
have to rely on three different kinds of evidence. 

In the first place, we may put its agreement with a 
groat range of diverse facts from different branches 
of science, which as isolated phenomena can often be 
attractively explained in terms of pre-rolativistic no¬ 
tions, but which as a whole have only been success¬ 
fully correlated with the help of the theory of rela¬ 
tivity. 

In the second place, we must put those special ob¬ 
servations which distinguish as uniquely as may be 
between the predictions of relativity and those which 
would result from other points of view. Here we 
have in the case of the first postulate of special rela¬ 
tivity the demonstration of the Lorentz contraction 
by the Michelson-Morley experiment and all its now 
numerous repetitions, if we may include the exten¬ 
sive work of Professor Miller as demonstrating this 
contraction at least as the primary effect. And we 
also have the remarkable demonstration of Einstein’s 
time dilation by the beautiful experiments of Ken¬ 
nedy and Thorndike. In the case of the second postu¬ 
late of the special theory, we have as most important 
the precise analysis of double star orbits by de Sitter. 
And turning to the general theory of relativity, we 
have the entirely satisfactory results of the three cru¬ 
cial tests provided by the rotation of the perihelion 
of Mercury, the bending of light in passing the sun, 
and the shift in the wave-length of light originating 
on the surface of the sun and on that of the compan¬ 
ion to Sirius. 

Finally, as a third kind of evidence, for judging 
the validity of relativity we must not neglect the bear¬ 
ings of that wonderful internal coherence of the 
theory, with its simple foundation and elaborate but 
logical superstructure, which so well attests the genius 
of Einstein. Although such qualities can of ihom- 
selvea provide no guarantee as to correspondence 
with external phenomena, we can, nevertheless, regard 
them as indicating that such correspondence—when 
found for our present limited range of observation^— 
is likely to persist over a much wider range of pos¬ 
sible exporienee. 

Like all parts of science, the theory of relativity 
will presumably be subject to future modifications 
and additions, such for example as might be provided 
by a successful unified field theory. Nevertheless, 
just as the Einstein theory has retained the New¬ 
tonian theory of gravitation as an exceedingly satis¬ 
factory first approximation, we may expect at least 


for a long time that such changes will here—as well 
as in the case of thermodynamics—be supplementary 
rather than destructive. 

The character of the two sciences of thermody¬ 
namics and relativity, which we are going to combine, 
IS thus sufficiently similar that we may have no hesi¬ 
tations, on that score, and may expect the resulting 
relativistic thermodynamics to be itself a macroscopic 
theory suitable for use in tlie description of the gross 
phenomena of the external world. And the validity 
of the two component sciences is sufficiently estab¬ 
lished so that for the present we may concentrate at¬ 
tention, as wo shall in what follows, on the rationality 
of that small amount of additional hypothesis which 
we must introduce to effect the combination. 

(3) The Extension ov Thermodynamics to 
Special Relativity 

We are now ready to consider the actual procedure 
adopted in the extension of thermodynamics, first to 
special relativity and then to general relativity. The 
extension to special relativity, so as to obtain a suit¬ 
able thermodynamic theory for moving systems, was 
made by Planck® and by Einstein,® as early as the 
year 1907, in that brilliant period of development 
Avhich was initiated by Einstein’s publication of the 
elements of special relativity only two years pre¬ 
vious. 

(a) Special RclativiUj and the First Law of Ther- 
modynamiot. In order to appreciate the nature of 
this extension, let us begin by seeing what happens to 
the first law of thermodynamics when the extension is 
made. 

In the classical thermodynamics for systems at rest 
with respect to the observer, wc have found it impor¬ 
tant to distinguish two ways in which there can be an 
interchange of energy between a system and its sur¬ 
roundings, namely, through the flow of heat into the 
system from its surroundings and through the per- 
fonnance of work by the system on its surroundings. 
Making use of this distinction, and making use of 
the principle of the consen^ation of energy, which re¬ 
quires that any alteration in energy content can only 
result from interchange with the surroundings, we 
then write the first law of tbennodynamics in the form 
given by the equation (1) ^ 

AE = Q-W (1) 

where A E is the increase in the energy of the system 
which accompanies the influx in heat Q and the per¬ 
formance of work W against external forces. 

In form this equation can be taken over without 
modification into the thermodynamics of moving sys- 

* Planck, Berl. Ber. (1907) p. 642; Ann, dcr Phys., 26; 
1, 1908. 

8 Einstein, Jahrh, /. JRad. u. SI, 4: 411, 1907. 



294 


Bcmms 


tema, in the first place since the special theory of relar 
tivity has done nothing to upset the principle of the 
conservation of energy, and in the second place since 
we shall still wish to distinguish between the energy 
trarvsfer W corresponding to work done against 
macroscopic external forces and the other modes of 
transfer which we call the flow of heat Q. 

In the application of this equation to moving in¬ 
stead of stationary systems, however, an important 
difference—which would not have been suspected in 
prerelativistic days—now arises on account of the re¬ 
lations between mass, energy and momentum made 
clear by Einstein^s work. To illustrate this differ¬ 
ence, let us consider—as we usually do in thermody¬ 
namics—only very simple systems consisting of A 
given amount of thermodynamic fluid or working sub¬ 
stance which exerts a pressure on its surroundings. 

If such a system is at rest, the only way it can do 
work on its surroundings is by a change in volume 
under this pressure, and the application of the first 
law equation (1) then gives us simply 

dEo = dQo - Padvp (2) 

where the subscript (p) has been added to indicate 
that the quantities involved are all referred to coordi¬ 
nates in which the system is at rest. 

If such a system is in motion, however, its mo¬ 
mentum will in general change with its energy content 
even though we hold the velocity constant, owing to 
the special relativity relation which associates mass 
with energy. Hence in applying the first law equa¬ 
tion to moving systems, even in the simple case of 
constant velocity, we shall have to include, in addi¬ 
tion to the work done against external pressure, the 
work done against -the external force involved in the 
change in momentum. We must then write in general 

dE = dQ-pdv + u.d& (3) 

where the last term is the scalar product of the 
velocity of the system u and its change in momentum 
dtr. Moreover, in making use of this equation we 
must employ the special relativity relation connecting 
the momentum of the system with its energy flow 


E-fpv. 
0- = Ti ^ 




where c is the velocity of light, and the term — 

0* 

gives the momentum due to the transport of the 
energy of the system as a whole, and the term pvu/c* 
oorreaponds to the additional flow of energy result¬ 
ing from the work done on the moving volume by the 
action of the external pressure. 

With the help of these two expressions for the first 
law (3), and for the momentum of a moving system 
(4), we can then obtain transformation equations 
which will give us expressions for all the quantities, 




involved in the application of the first law to movia|jr 
systems, in terms of the analogous quantities as they 
would be measured by a local observer moving with 
the system. In accordance with the known equations 
for force, and the Lorentz contraction for moving 
volumes, we are already provided by the special 
theory of relativity with the simple transformations 
for pressure and volume 


P = Po __ 

v = Vft vi "uVe* (6) 

Furthermore, considering first an adiabatic accelera¬ 
tion in which the velocity of our system is changed 
without flow of heat or change in internal oondition 
as measured by a local observer, and then consider¬ 
ing more general processes in which flow of heat is 
permitted, we readily obtain as the transformation 
equations for energy and heat the two expressions 

^ Ep 4- paV, 

“ Vl“uVc* 

(«) 

dQ = dQ. Vl-uVc“ 


This gives all the apparatus necessary for the ap¬ 
plication of the first law of thermodynamics to mov¬ 
ing systems. It is to be specially noted that so far 
no new assumptions, beyond those already present in 
the mechanics of special relativity, have been intro¬ 
duced into our systems of thermodynamics, except, 
if you wish, our procedure in still giving the name 
heat to that part of the energy transfer which does 
not take place through the work done against macro¬ 
scopic external forces. 

(h) Special Relativity and the Second Law of 
Thermodynanvica, Let us now turn to the more char¬ 
acteristically thermodynamic considerations involved 
in the application of the second law of thermody¬ 
namics, and examine the fate of this principle when 
the extension to special relativity is made. 

In the claesical thermodynamics the full content of 
the second law could be conveniently condensed into 
the very simple expression 


(7) 


where the left-hand side gives the increase in the 
entropy content S when a system changes from on# 
state to another, and the right-hand side is to be ob¬ 
tained by dividing each elment of heat dQ absorbed 
by its temperature T, and summing up for the whole 
process by which the system changes from its initiid 
to its final state. 


The sign of equality (=;) in this expression applies 
to reversible processes which take plaee with 
highest posmbk effidency, which would just b# ictffl- 
oient to permit a return hoih of the system and 
surroundingB to their original state. And th# 1^ ^ 



‘BCTENCiS ' '295 


iati^ualiiy (>) applies to those less ^cient, actual 
proeeBseB which we ordinarily encounter in nature. 
With the help of the relation of equality we can then 
ealoolate the entropy of any system by considering 
an ideal reversible process by which it could be 
brought from its standard state to the state under 
consideration. And with the help of the two rela- 
tions of equality and inequality, we codify all that 
extraordinary range of information as to the equi¬ 
librium and efficiency of physioal-ehemical processes 
which is subservient to the second law. 

In making the extension to special relativity, it was 
found possible to take over this expression for the 
second law of thermodynamics as a postulate without 
any change at all in form. And this was evidently 
a rational thing to try to do, since it preserves the 
constancy of entropy for purely mechanical processes, 
makes the increase of entropy for reversible thermal 
processes dependent on the transfer of energy in 
forms other than work, and retains with the help of 
the sign of inequality those opportunities for irreversi¬ 
bility and spontaneous increase in entropy which lie 
at the heart of thermodynamic considerations. 

In applying this expression to moving systems we 
must of course substitute values for entropy, heat and 
temperature which are appropriate for a moving sys¬ 
tem, and hence shall desire transformation equations 
which will permit us to calculate these quantities in 
terms of the analogous quantities which would be 
directly measured by a local observer traveling with 
the system in question. 

In the case of heat, we are already provided by the 
application of the first law with the transformation 
equation 

dQ-dQ, vT- uVe* (8) 

In the ease of entropy, we are then directly led 
by the postulate itself to the conclusion that the 
entropy of a system must be an invariant for the 
Lorentz transformation 

8 = S„ (9) 

owing to the possibility of changing the velocity of a 
system by a quasi-static reversible adiabatic accelera¬ 
tion, which leaves the internal st^te and proper 
entropy S^, unaltered on account of the quasi-static 
oharaoter of the acceleration, and leaves the entropy 
S unaltered on aeoonnt of the reversible and adiabatic 
character of the acceleration. This invariance of 
entropy is, moreover, in evident agreement with the 
statistioal meehanioal interpretation which relates the 
entropy of a system to the probability of its state, a 
‘ quantity which could hardly be a function of the 
. y^eity wUh which the observer happens to be moving 
pwt the system. 

^ in the case of temperature^ by combining 


tbe requirements of the postulate itself with the two 
transformatiou equations already obtained, it is evi¬ 
dent that we are now necessarily led to tbe relation 

T = T. Vl-uVc* (10) 

in order that the postulated law (7) may apply to the 
description of a given change in state both from the 
point of view of a local observer moving with the 
system and from the point of view of other observers 
with respect to which the system is in motion. 

(c) Diacicssion of the Extension to Special Rela¬ 
tivity, This completes all that is necessary for the 
extension of thermodynamics to special relativity. 

It will be seen that the additions in the way of new 
hypotheses, beyond what is already contained in the 
special theory of relativity and in the classical ther¬ 
modynamics, have really been very small and appar¬ 
ently rational. Indeed, it seems fair to say that these 
additions consist solely in the assumption that tbe 
second law of thermodynamics, as expressed in the 
usual well-known form given by (7) will not breiik 
down when we turn to the consideration of moving 
systems, and that the quantity dQ occurring in this 
expression must still be interpreted as that part of 
the energy transfer which can not be considered as 
work done against macroscopic external forces. ' 

It should also he noted that the results which are 
given by this extended theory are entirely coherent 
with the accepted body of theoretical physics. For 
example, application of this theory to determine 
the dynamical properties of a moving enclosure filled 
with black-body radiation leads to the same results as 
were originally obtained by Mosengeil* from strictly 
electromagnetic considerations. And the transforma¬ 
tion equation given for heat (6), which we have re¬ 
garded as derived from an application of the mechan¬ 
ics of special relativity to the behavior of a portion of 
fluid, agrees with that which can be derived from 
electromagnetic considerations for the Joule heating 
effect in a moving electrical conductor. Most impor¬ 
tant of all, however, it should be noted that the 
extension has been so devised that any predictions, 
which we make with its help as to the behavior of a 
given system moving with a constant velocity u, will 
completely agree with those which would be made with 
the help of the classical thermodynamics by a local 
observer who moves along with the system in question. 

It is important to emphasize these qualities of 
rationality and coherence, since our judgment as to 
the validity of this extension of thermodynamics must 
be largely based thereon. Any direct test of the ex¬ 
tension would for the present be out of ihe question, 

^Mosengeil, Ann, d. Phys,, 22: 867, 1907. The results 
of MoseugMl were employed by Planck In his method of 
obtaining tbe extension of thermodynamics to special 
relativity. 
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since all the various thermodynamic quantities for 
moving systems were found to differ from the analo¬ 
gous ones for stationary systems only by terms of the 
order of u“/c^ or higher, and we could only expect 
differences of this practically undetectable order for 
any thermodynamic theory of moving systems that 
might be proposed. 

The usefulness of the extension consists partly in 
the case with which we can now treat problems by 
simple thermodynamic methods which would otherwise 
involve complicated kinetic theory or electromagnetic 
considerations, as in the case of the moving enclosure 
filled with radiation. The usefulness of the extension 
depends mainly, however, on the increased insight 
which wo now have into the nature of thermo dynamics 
and thermodynamic quantities. Thus the invariance 
to the Lorentz transformation for entropy and for the 
ratio of heat to temperature provided by the special 
theory of relativity prove essential for the further 
extension of thermodynamics to general relativity to 
which we must now turn. 

(4) The Extension of Thermodynamics to 
General Relativity 

In the general theory of relativity, the space-time 
continuum in which physical events take place is re¬ 
garded 08 characterized by the formula for interval 

ds= = g„ dx,» +2 g„ dx, (Ixa + . . . g„ dx 4 * (11) 

where x^, X 2 and x^ are the three spatial coordinates 
that are being used, x^ is the temporal coordinate, and 
the are the ten gravitational potentials. The 
dependence of these gravitational potentials on the 
distribution of matter and energy is given by Ein- 
stein^s ten field equations 

- 8 n - Rm*'- i Rgia^' + /igfiu (12) 

w’'hero T**" is the energy-momentum tensor, R^*' and 
R are obtained from the Riemann-Christoffel tensor 
by contraction, and A, the so-called cosmological con¬ 
stant, is a quantity which is observationally known in 
any case to be exceedingly small when expressed in 
reciprocal square centimeters, and may well be zero. 
Finally, the motion of free particles and light rays in 
this space-time continuum is determined by the equa¬ 
tion 

8 J d8 = 0 (18) 

with ds greater than zero for material particles and 
equal to zero for light rays. 

The results predicted by these fundamental equa¬ 
tions of general relativity are in satisfactory agree¬ 
ment with all the facts that are now at our disposal, 
and in particular agree with the astronomical obser¬ 
vations which have furnished the three crucial tests of 
relativity. 


In order to include thermodynamics within this 
framework, we must now inquire into the analogues 
in general relativity of the ordinary first and second 
laws of thermodynamics. 

(a) The Analogue of the First Law in General 
Belativity. In the case of the first law the procedure 
to be adopted is clear. In the classical thermody¬ 
namics the first law was an expression of the prin¬ 
ciple of the conservation of energy as applied to small 
stationary systems in the absence of a gravitational 
field, and in relativistic thermodynamics we must evi¬ 
dently use as the analogue of the first law the more 
general energy-momentum principle provided by 
relativistic mechanics.® 

This principle can be expressed by the very simple 
tensor e<iuation 

(Tm»'),.=:0 (14) 


and may be regarded as an immediate result of Ein- 
stein^s field equations (12), since the tensor divergence 
of the expression there given for the energy-momen¬ 
tum tensor T^*" can be shown to be necessarily identi¬ 
cally equal to zero. For purposes of computation it 
is often more convenient to rewrite this equation in 
the tensor density form 


dXl* 


(15) 


and to obtain an insight into the nature of the prin¬ 
ciple, it is sometimes useful to rewrite it in the form 
of an ordinary divergence as expressed by the non- 
tensor yet nevertheless covariant equation 

^(a:;+t;)=o (16) 

where the pseudo-tensor density of potential energy 
and momentum is defined for all systems of coordi¬ 
nates in such a way that we can substitute for 

the second term of (16). 

To remind us of the physical significance of these 
familiar equations of relativistic mechanics, it will he 
recalled that the equations reduce in the absence of a 
gravitational field to the ordinary principles of special 
relativity fbr the conservation of the energy and 
momentum directly associated with matter and radia¬ 
tion. In general, however, in the presence of gravi¬ 
tational fields, it will bo evident from the third form 
(16) in which the equations have been written that 
they will lead to conservation laws only when -we 
include—along with the energy and momentum 
directly associated with matter and radiation—the 
potential energy and momentum of the gravitational 
field, which corresponds to the presence of the pseudo¬ 
tensor density in the equation in this form (16). 

This general result proves to be of great importance 


B Tolman, Proo. Nat, Acad,, 14: 268, 1226 y Fhys, 
36: 676, 1230. 
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for relativistic thermodynamics by permitting—even 
in the case of isolated systems—an increase in the 
energy directly associated with matter and radiation 
at the expense of the potential energy that we assign 
to the gpravitational field. For example, if we con¬ 
sider a system composed of a perfect fluid having the 
proper macroscopic density of energy and proper 
pressure p„ as measured by a local observer at the 
point of interest, and having no flow of heat, it is 
known that we can write 

T'“' = ^ p„) ^ ^ p. (17) 

dH us 

as on expression for the energy-momentum tensor. 
And if wo substitute this expression into the above 
equations of relativistic mechanics, we can obtain for 
any infinitesimal element of the fluid of proper vol¬ 
ume 6V(>, the relation 

^(6Vo)=:0 (18) 

From one point of view there is nothing surprising 
about this result since it merely states that a local 
observer who examines the behavior of an element of 
the fluid small enough so that the gravitational ^‘cur¬ 
vature” of space-time can be neglected will find the 
rate of change in energy content related in the ex¬ 
pected way to the work done against the external 
pressure. From another point of view, however, as 
this same equation can be applied to each one of all 
the elements into which the total fluid of the system 
can be divided, tlie result may seem somewhat surpris¬ 
ing, since it leads to the possibility of systems in 
which the proper energy of every element of the fluid 
may be simultaneously decreasing or increasing, ac¬ 
cording as the system is expanding or contracting. 
Moreover, since it is this proper energy immediately 
associated with matter and radiation which determines 
the possibilities for entropy increase, we shall later 
find in relativistic thermodynamics an escape from 
certain restrictions imposed in the classical thermo¬ 
dynamics by the usual form of the principle of the 
conservation of energy. 

Just as in the previous case of special relativity, 
we note that the extension of thonflodynamics to gen¬ 
eral relativity involves, so far as the first law is con¬ 
cerned, no new hypothetical material beyond that 
already contained in relativistic mechanics. And we 
may now turn to the relativistic analogue of the sec¬ 
ond law of thermodynamics. 

(b) The Analogue of the Second Law in General 
Belativitg, To guide us in obtaining a suitable postu¬ 
late to serve as the relativistic second law of tbermo- 
dynamios, we must make use of the two fundamental 
ideas of general relativity which are expressed by the 
principles of covariance and equivalence. In accord¬ 


ance with the principle of covariance, our postulate 
must be expressed in oovariant form the same for all 
coordinate systems, to avoid the danger of being in¬ 
fluenced in its selection by a spurious simplicity when 
referred to some particular system of coordinates. 
And in accordance with the principle of equivalence, 
our postulate must reduce to the thermodynamic re¬ 
quirements of special relativity, when applied to an 
inflniteeimal element of fluid using natural coordinates 
for the point of interest. 

These two principles have been sufficient to lead 
with considerable confidence to the expression® 

V - gj 6x, 6ia fix, fix* ^ ^ (19) 

as the appropriate postulate to take as the relativistic 
analogue of the ordinary second law of thermody¬ 
namics. The quantity in this expression is the 
proper entropy density of the thermodynamic fluid 
under consideration ns measured at the point of inter¬ 
est by a local observer; the quantities dx^/ds are the 
components of the macroscopic “velocity” of the fluid 
at that point; and tlie other quantities on the left- 
hand side of the expression have their usual signifi¬ 
cance. The significance of the right-band side of the 
expression is more difficult to grasp, and will be spe¬ 
cially treated in a forthcoming article by Professor 
Robertson and myself.'^ The quantity fiQ„ may be 
taken as the heat—measured by a local observer at 
rest in fluid at the point of interest—which flows 
into an element of the fluid having the instantaneous 
proper volume fiV^, during the proper time fit^ where 
these quantities are so chosen as to make 

fiV^ fito = fix, fix, fix, fix, (20) 

and the quantity is taken as the temperature 
ascribed to this heat by the local observer. 

The two signs of equality (=) and inequality (>) 
in the expression refer respectively to the two cases 
of reversible and irreversible processes, and in apply¬ 
ing the principle to irreversible processes wo are to 
regard on increment in coordinate time fix^ as positive 
when taken in the direction to correspond to a positive 
increment in proper time fit^ as measured in the 
ordinary manner by a local observer. 

To show the agreement of this postulated expression 
for the relativistic second riaw with the principle of 
covariance, we have merely to note that it is a tensor 
equation of rank zero—botli sides being scalar in¬ 
variants—and hence is true in all coordinate systems 
if true in one. To show its agreement with the prin¬ 
ciple of equivalence we must see what it reduces to 
in natural coordinates for the point of interest. Intro- 

«Tolman, Proo. Nat Acad,, 14: 268, 701, 1028; Phye. 
Sev„ 35: 896, 1930. 

7 Tolman and Bobertson, submitted to the Phyeieal 
Seview for publication. 
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duoiiig suoli coordinates z, y, t, t, and making use of 
the transformation equations for entropy, heat and 
temperature provided by the special theory of relation 
ity, we find, however, that our principle then reduces to 

j^div (<^Q) + 6z by 6z fit ^ (21) 

where u, flQ and T are now the quantities referred 
to our present coordinate system which we ordinarily 
designate as entropy density, velocity, heat absorbed 
and temperature. And we see that this result does 
relate the change in the entropy of the element of 
fluid, instantaneously contained in the coordinate 
range fix 6y 6z, to the absorbed heat and temperature 
in the way 

l(<^6*6y6z)6tg^ (22) 

which is required by the second law of thermody¬ 
namics in special relativity. 

At the present stage of observational knowledge, 
our belief in the validity of the proposed postulate is 
primarily based on this agreement with the two prin- 


oiples of covariance and equivalence. In additiosl, 
however, it may be emphasized that the principle has 
been chosen so as to be simply the immediate covariant 
re-expression of the special relativity form of the 
second law (21); and past experience has shown, 
notably, for example, in the oases of the fundamental 
formulae for space-time interval and geodesic trajec¬ 
tory, that these simplest possible covariant generaliza¬ 
tions when feasible are likely to be correct. Further¬ 
more, it may be remarked that the conclusions which 
have so far been drawn from this extension of ther¬ 
modynamics to general relativity appear—at least 
after due reflection—to be reasonable and illuminat¬ 
ing. 

It must be emphasized, nevertheless, that these 
qualities are not sufficient to prove the validity of the 
postulate, since other covariant expressions might be 
found which would also reduce to the special relativity 
law in natural coordinates. Hence the postulate must 
be regarded as a real generalization with a range of 
validity to be finally determined only by the corre¬ 
spondence between observation and prediction. 

(To be coneltuied) 
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STUDIES IN NUCLEAR PHYSICS 

The Carn^te Institution of Washington announced 
on February 2 in a lecture by Dr. M. A. Tuve before 
the Franklin Institute on “The Atomic Nucleus and 
High Voltages/' the results of the past year's work 
at the high-voltage laboratory of its Department of 
Terrestrial Magnetism in Washington, This program 
of investigations constitutes the present expression 
of a long-continued policy of the department of under¬ 
taking laboratory studies of the basic physical 
phenomena which underlie all large-scale manifeeta- 
tions of magnetism and electricity, as complementary 
to its field and observatory operations and theoretical 
investigations. These laboratory studies are now 
directed toward studies of the simplest cases of the 
interaction at close distances of the known primary 
material particles—the electron and proton, which 
have both electric charge and magnetic moment—and 
their simplest combinations. 

During the past year Dr. Tuve and his colleagues, 
L. R. Hafstad and 0. Dahl, have obtained results 
covering a variety of experiments in nuclear physics, 
including a verification of the existence of the recently 
discovered neutron, observations on the resonanoe- 
disintegration of aluminum by polonium alpha- 
particles, and studies of the disintegration of lithium 


and boron, using high-speed protons from a high- 
voltage tube. The Van de Graaff type of electrostatic 
generator, a simple metal sphere charged to a high 
voltage by a silk belt, was tested, developed and used 
for the atomic disintegration-studies. A special 
building is now under construction at the department 
to house a large (2-meter) generator of this type 
whicli was built at the department and tested during 
May, 1932. This equipment promises to give an 
intense source of artificial neutrons, this being one 
of the most interesting of its numerous potentialities. 
It will provide 10 microamperes or more of protons 
or helium-ions having energies above 1,500,000 elec¬ 
tron-volts. 

The existence of the non-olossical phenomena at 
present explained on the neutron-hypothesis was 
verified in the department's laboratory last September 
by a repetition of the main features of Chadwick's 
experiments. Using a 3-mc polonium source bombard¬ 
ing beryllium, recoil^uolei of nitrogen were found to 
produce a maximum of nearly 50,000 ions in the 
15-nun ionization-chamber of a valve-connter of the 
type used by Chadwick. Recoil-nuclei were observed 
with this instrument and with the FP-54 pUotrQU 
connected to a small chamber and used, in the sama 
way as Pose hsA used the duant deetrom^i The 



range of the recoil-protons was found to‘be about 
44 cm in agreement with Chadwick’s result. Severs] 
thousand stereoscopic photographs were made with 
the neutron-source mounted in a Wilson cloud- 
chamber, as in Feather’s experiments, and the recoil- 
nuclei were identified and measured. Disintegration- 
phenomena in the chamber were not definitely assigned 
to neutrons because of the weakness of the source, 
but will be studied shortly using a much larger quan¬ 
tity of polonium. The absorption of the beryllium 
neutrons by one inch of lead, measured by counts of 
recoil-protons, was found to be about 55 per cent., in 
disagreement witli Chadwick’s 13 per cent, (measured 
by nitrogen-recoils), but agreeing with the value pub¬ 
lished in Octo-ber by Thibaud and La Tour. 

As a necessary safeguard to the validity of results 
with the high-voltage technique, as well as by reason 
of their intrinsic value, it was decided two years ago 
to carry out certain experiments using radioactive 
sources. One feature of this program was the devel¬ 
opment and test of instruments and methods for 
nuclear observations. The limits of sensitivity of 
the FP-54 pliotron have been investigated, and it 
has been utili^d for measurements on high-speed 
protons produced by disintegrations and by neutron- 
recoil. A single-tube circuit using an rP-54 in an 
evacuated case achieves a charge-sensitivity limited 
only by the statistical fluctuation (±640e) of the 
grid-current (10 ampere) of the tube, and the 
latter imposes a usable limit with this device not in¬ 
herent in a true electrometer, although the much 
higher voltage-sensitivity is an advantage in many 
applications. Because of this fluctuation the minimum 
steady current theoretically observable is approxi¬ 
mately 3 X 10“^® ampere (2 electrons per second), and 
by actual test a current of 6 x 10“^^ ampere (30 elec¬ 
trons per second) is directly measurable in a time 
of several minutes. On the basis of experience with 
a cloud-chatDiber similar to that described by Blackett, 
an improved form was constructed, which has several 
important advantages over the usual form utilizing 
a piston and a liquid seal. A large-diameter flexible 
metal “sylphon” bellows is used, giving a chamber 
entirely free from leakage, with r^ulting constancy 
of expansion ratio and gas composition, which can be 
oriented vertically or in any other direction at will 
A modified form of mercury gpark-lamp provides 
suffleient illumination to enable the use of cinema 
positive film, with a very considerable gain in re¬ 
solving power and contrast over the usual negative 
emulsion. A valve-counter of the type described by 
Wynn-Williams and Ward was developed, which is 
simple in construction and singularly insensitive to 
astomal disturbances, operating satisfactorily in the 
presence of the noise and elcotrical digtuibanoes pro¬ 
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duced by the Van de Graaff generator. The useful 
amplification of such a device being limited solely by 
the noise-level of the early stages, this factor was 
investigated. The resulting amplifier has a noise- 
level comparable to the theoretical noise-level due to 
the Johnson effect (thermal agitation of electrons in 
a resistance) of the plate-impedancc of the input- 
valve. 

One problem of importance in radioactive research 
which was selected for attack is that of resonance- 
disintegration of the nucleus. Using the FP-54 in 
the same way as Pose has used tlie duant electrometer, 
Mr. Hafstad has studied the resonance-disintegration 
of aluminium. This work is only partially completed, 
but has progressed to a point where there can be no 
doubt of the existence of the phenomenon. Steudel's 
failure to observ^e it is not surprising in view of the 
geometry of his apparatus, and in contradiction to 
his results Mr. Hafstad finds that the “disintegration- 
yield” in his experiments, on the basis of an absolute 
calculation, cheeks Pose’s high value. Details of the 
sharpness of resonance and other features are still 
under investigation. 

Having experimented in this laboratory since 1926 
with high voltages from spark-excited Tesla ’oils 
applied to vacuum-tubes, chiefly by reason of the lack 
of funds for a more suitable voltage-source, we were 
glad to adopt the inexpensive electrostatic type of 
generator^ "Por high voltages m air devised by Dr. R. J. 
Van de Graaff a year and a half ago. A generator of 
this typo was built by the department a year ago, 
using a 2-moter aluminum sphere, charged by a 6-incb 
silk belt, and potentials as high as 2,000,000 volts were 
obtained in tests out-of-doors. SuflScient laboratory 
space not being available for immediate use of this 
generator, a 1-meter generator was assembled, and 
this has been used with a 23-8ectioA cascade-type 
vacuum-tube formerly used in the Tes'^- coil work. 
One interesting feature is the focusing action of such 
a tube, which approaches 100 per cent, for currents 
of 0.6 microampere of hydrogen- or hclium-ions at 
600 kv, although there is only a 2-cm diameter hole 
down the 5-foot tube. A hollow-anode, low-voltage 
arc (suggested by Dr. E. S. Lamar) is used for the 
ion-source, mounted inside^the sphere and wdth the 
necessary power supplied by generators driven by the 
silk belt which charges the sphere. With this appa¬ 
ratus the disintegration of lithium and boron by high¬ 
speed protons has been investigated. With a very 
thin mica window on the tube near the target, the 
alpha-particles produced by the disintegrating nuclei 
have been identified and recorded by the linear 
amplifier (valve-counter) mentioned above. Lithium 
is found to give two ranges of alpha-particles in 
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approximately equal numbers, the shorter range being 
just under two centimeters. The disintegration-yield 
from boron is roughly twenty times that of lithium at 
600 kilovolts, and the majority of these alpha- 
particles have a range of nearly 3 cm, with a much 
smaller number having a longer range. Preliminary 
measurements indicate that for boron about 4,000,000 


protons are required to produce one disintegration at 
600 kilovolts. These results are in approximate 
agreement, both as to ranges and disintegration-yields, 
with those recently reported in Natv^e by Cockroft 
and Walton. 

Br. Tuve^s lecture will be published in the Journal 
of the Franklin Institute, 


OBITUARY 


TIMOTHY E. WILCOX 

Bricmdier-General Timothy E. Wilcox, retired 
Army surgeon, living in Washington, D. C., died on 
December 10, at the age of ninety-two years. He was 
born at North Litchfield, New York, on April 26, 
1840. He graduated from Union College in 1861 with 
an A.H. and received the A.M, degree in course. 

A brief tour with McClellands army ended with 
typhoid fever. His medical studies were resumed 
and he received M.D. from the Albany Medical Col¬ 
lege in 1804. He was immediately appointed assistant 
surgeon of the 6th New York Heavy Artillery- He 
attended Jefferson Davis during his detention at 
Portress Monroe after the Civil War. He was ap¬ 
pointed assistant surgeon in the regular army in 
May, L867, retiring as brigadier-general in April, 
1904. Jn November, 1898, he went to Cuba as lieu¬ 
tenant-colonel chief surgeon and was honorably dis¬ 
charged in May, 1899. 

General Wilcox was a bom naturalist. Everything 
was fish to his net—plants, animals, minerals, insects, 
worms, reptiles, fossils, etc. The National Museum 
and other museums received many rare specimens 
from him. The fossil horns of a tiny deer and those 
of a primeval ox are in the National Museum. The 
snake Tontilla Wilcoxii Stejneger was from Arizona. 
Townsendia Wilcoicianch Wood was discovered at 
Camp Supply, Indian Territory, in the seventies. 
Primula Wilcoxii Wood (?) was from Fort Boise, 
Idaho. Panicum Wilcoxidnum Vasey was collected 
in Nebraska, Quercus Wilcoxii Rydberg and a cactus 
from Fort Huachuca, Arizona. His article in Nature 
in 1879-80 calling attention to the absence of angle 
worms around Boise, Idaho, caused much comment 
He was author of occasional notes and papers in 
medical and other journals. From 1917 he was nearly 
blind, but his mind was clear to the end. 


General Wilcox belonged to Phi Beta Kappa, 
Alpha Delta Phi, the Cosmos Club, Biological Society 
of Washington and the National Geographic Society. 
He joined the Torrey Botanical Club in 1880, being 
proposed by Dr. Alphonso Wood. In 1930, after 60 
years membership, he was made a life member of the 

Willard W. EaaLKSTON 

Bureau or Plant Industey 
Washington, D. 0. 

RECENT DEATHS 

W. Albert Manda, of Orange, New Jersey, a well- 
known horticulturist, died on March 15, at the age of 
seventy years. 

Gilbert Charles Bourne, emeritus professor of 
zoology and comparative anatomy at the University 
of Oxford, died on March 9, at the age of seventy-one 
years. 

Db. Robeht Innes, formerly astronomer for the 
Union of South Africa, died suddenly on March 14, 
at the age of seventy-one years. 

WiLLUM Cawthobne Unwin, the British engineer, 
died on March 17, at the age of ninety-four years. 

Nature records the deaths of Dr. C. A. Barber, 
lately lecturer in tropical agriculture at the Univer¬ 
sity of Cambridge, aged seventy-two years; of Sir 
Benjamin Gott, chairman of the Commission on Edu¬ 
cational and Cultural Films, and formerly head master 
of the Cheltenham School of Science, aged sixty-seven 
years, and of Mr. J. J. F.-X. King, the Scottish en¬ 
tomologist, aged seventy-seven years. Mr. King had 
pi*esented his main collection of British insects to the 
University of Glasgow. The university is now to re¬ 
ceive under his will the portrait of Mr. King painted 
by Forrester Wilson and the remainder of his collec¬ 
tions, together with his library of books on natural 
history. 


SCIENTIFIC EVENTS 


REPORT OF THE COUNCIL FOR 
CHEMISTRY 

In its report for 1932, according to a summary 
given in Nature^ the Federal Council for Chemistry 
refers with regret to the necessary postponement of 


the ninth International Congress of Pure and Applied 
Chemistry and the eleventh conference of the Interna¬ 
tional Union of Chemistry, which were to have been 
held in Madrid in 1932. The next meeting of the 
union will take place in the spring of 1934 in Madrid, 
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and not in Switzerland, aa previously arranged. Dur¬ 
ing the year, the Verein Oesterreichischer Chemiker 
and the Sven ska National Kommitten for Kemic were 
elected members of the International Union, The re¬ 
port refers to a conference on chemical documenta¬ 
tion, held in Paris in October, 1932, and indicates that 
the Federal Council and the Division of Chemistry 
and Chemical Technology of the U. S. National Re¬ 
search Council are in complete agreement with regard 
to certain criticisms of the activities of the Interna¬ 
tional Committee dealing with the reform of biochem¬ 
ical nomenclature. The efforts of the British Stand¬ 
ards Institution to extend the use of the words 
ish Standard^^ to include “chemical substances used in 
manufactures, pliotography or philosophic research 
and anti-corrosives^^ were supported by the Federal 
Council. The Board of Trade agreed to the institu¬ 
tion proceeding with an application to register pro¬ 
vided that it was in a position to submit support from 
the appropriate trade association or similar body. 
The report says: “In October, a committee consisting 
of Dr. E. P. Armstrong, E. R. Bolton, Dr. L. H. Lara- 
pitt, Professor O. T. Morgan, Emile Mond, Professor 
J. C. Philip, Sir William Pope, J. Davidson Pratt 
and 1). Rintoul was appointed To consider how the 
resources of the various bodies concerned willi the 
professional and scientific weltare of chemists can be 
most economically and efficiently utilized.^ This com¬ 
mittee lias met on several occasions, and will present, 
early in 1933, a report on its findings for considera¬ 
tion by the Federal Council.” 

THE YALE NORTH INDIA EXPEDITION 

The last chapter of one of the greatest geological 
events in the earth^s history, resulting in the elevation 
of the Himalayan mountains, was witnessed by pre¬ 
historic mail, according to evidence uncovered by the 
Yale North India Expedition, led by Dr. Hellmut de 
Terra, research associate in geology at Yale Univer¬ 
sity. The expedition, which also included Mrs. de 
Terra, Professor G, E. Hutchinson, of the department 
of biology, and Mr. G. E. Lewis, paleontologist, has 
just returned to New Haven after spending the past 
fifteen months in the Himalayas. 

Traces of prehistoric man in the form of knives, 
scrapers and other implements and the remains of a 
mammoth, whose former existence in the Himalayas 
has been hitherto unsuspected, comprised two of the 
more important finds made by the expedition. The 
geographical, geological and zoological information 
obtained is expected, it is said, to change present ideas 
about the early history and origin of the world's high¬ 
est mountains. 

Dr. de Terra has issued a statement in regard to the 
exposition in which he says: 


The paleolithic iinplemonts and the mammoth wero 
found in formations that had been thrown into earth 
folds during the upheaval and indicate that prior to that 
time the southern Himalayas were considerably lower 
in altitude. The rise of the Himalayan range must have 
continued into historical times. The present high relief 
of the mountains is a recent uchievoment and ancient 
man looked upon a Himalayan range of quite a different 
appearance from that which modern man sees. Wo have 
found proof that prehistoric man in Northern India 
must have witnessed the last great mountain-making 
event, which resulted in the present groat height of the 
Himalayas and neighboring high ranges. 

The collections made by the expedition have just 
arrived at New Haven, where most of them will be 
placed in the Peabody Museum of Yale University. 
The members of the expedition will complete their in¬ 
vestigations here by further study of the finds and 
their relation to their environment. 

ANNIVERSARY OF THE PHILADELPHIA 
COLLEGE OF PHARMACY AND 
SCIENCE 

The one hundred and twelfth anniversary of the 
founding of the Philadelphia College of Pharmacy 
and Science was celebrated on February 23 with a 
special convocation at which the honorary degree of 
master of plmrrnacy was conferred upon Dr. George 
Denton Beal, one of the diroctoi's of the Mellon In¬ 
stitute of Industrial Research at Pittsburgh, Dr. 
Beal then delivered at the exercises an address on 
“Advances in Pharmacy through Scientific Research,” 
in which he reviewed the relation of pharmacy to 
other sciences and pointed out many instances of the 
ways in which the practise of pharmacy has stimu¬ 
lated research and scientific advancement not only in 
pharmacy but also in chemistry, bacteriology, biology 
and physiology. 

The evening of Founders’ Day at the College was 
featured by r testimonial banquet to Professor Frank 
Xavier Moerk, who is completing his fiftieth year as 
a member of the teaching staff at the Philadelphia 
College, where he is at the head of the department of 
analytical chemistry and is one of the executive officers 
of the faculty. Dr. Lewis C. Scheffey, 1915, Phila¬ 
delphia physician who is president of the Philadelphia 
College Alumni Association, ^teU as toastmaster. 

A feature at the testimonial banquet was the graphic 
portrayal by undergraduates in the dramatic society 
of outstanding events in Professor Moerk's career. 
This dramatic presentation was arranged by Regis¬ 
trar John E. Kramer, 1925. Felicitations of the 
board of trustees were extended by Professor Joseph 
W. England, 1883, its chairman, who is head of the 
Bcientifio department of the Smith, Kline and French 
laboratories. Dr. Henry V. Amy, 1889, dean of 





Columbia University College of Pharmacy, greeted 
Professor Moerk as one of his most distinguished 
students. For the faculty of the Philadelphia Col¬ 
lege, Dean Julius W. Sturmcr spoke of his many 
years' association with Professor Moerk. An address 
waa also made by Dr. B. Franklin Stahl, trustee of 
the college. 

Presentations wore made by Henry Brown, of 
Scranton; Prank P. Kelly, Jr.; Arthur Osol and 
James Q. Mackey. 

The climax of the evening was the unveiling of an 
oil portrait of Professor Moerk which was presented 
to the Philadelphia College by his colleagues and 
other friends. Dean Charles H. LaWall, 1893, made 
the presentation. The portrait was painted by Mrs. 
Mary Stunner Junes, the daughter of Dean Stunner. 
The portrait was accepted for the college by President 
Wilmer Krusen. 

Professor Moerk responded with u recital of some 
of the events of his career and an appreciation of the 
testimonial tendered him. 

In addition to the personal good wishes extended 
by tho more than three hundred friends who were 
present at the banquet, Professor Moerk received 
hundreds of telegrams and letters from all parts of the 
world. Mrs. Moerk sat onbanked in a veritable bower 
of floral tributes. 

AWARD OF THE LAMME MEDAL TO 
EDWARD WESTON 

Tub 1932 Lamme Medal of the American Institute 
of Electrical Engineers has been awarded to Dr. Ed¬ 
ward Weston, Montclair, New Jersey, ^‘for his achieve¬ 
ments in the development of electrical apparatus, es¬ 
pecially in connection with precision measuring in¬ 
struments,” and will be presented at the summer con¬ 
vention of the institute, which is to be held in Chi¬ 
cago from June 26 to 30, 1933. 

Previous awards of the Lamme Medal of the Amer¬ 
ican Institute of Electrical Engineers have been made 
to Allen B. Field (1928), Rudolf E. Hellmund (1929), 
William J. Foster (1930) and Giuseppe Faccioli 
(1931). 

A correspondent writes: 

Mr. Weston, through his thorough fundamental knowl¬ 
edge of and his ability to observe and analyze chemical 
and physical phenomena, made important improvements 
in the quality and speed of electroplating, which con* 
tributed materially to the prosont practice in electro¬ 
typing, and nickel*, gold* and silver-plating. He also 
developed practical and economical methods for electro¬ 
lytic copper refining. 

Although the dynamo had been invented some years 
earlier, it had not come into practical use, and batteries 
were used in plating processes, placing serious limita- 


tiona upon future developments. He, therefore, began 
the study and construction of dynamo-eleeirle machines,. 
and in 1875 became a partner in the firm of Stevens, 
Roberts, and Havell, of Newark, N. J., which engaged 
in the manufacture of such machines for electroplating, 
electrotyping, electric lighting, etc. This business was 
incorporated in 1877 as the Weston Company, and was 
consolidated in 1881 with the U. S. Electric Light Com¬ 
pany, of which Mr. Weston served os electrician until 
1888. 

Mr. Weston had filed his first application for a U. 6. 
patent on dynamo construction in 1876, and later re¬ 
ceived many patents in tills field, his improvemonts 
causing phenomenal increases in the efficiency of these 
machines. He also invented new devices for starting, 
controlling and protecting them, and thus put their 
operation upon a practical basis. 

From 1875 to 1886, he engaged in intensive develop¬ 
ment of both incandescent and arc lighting, doing notable 
work in the search for methods of making suitable in¬ 
candescent filaments and arc light carbons. 

As he had earlier been handicapped by the lack of 
generators suitable for use in electroplating, he now 
encountered, in all his researches, great difllculty in 
making the necessary electrical measurements with the 
clumsy, slow-acting instruments then available. Conse¬ 
quently, he soon developed and built for his own experi¬ 
ments a sot of more practical instruments. His friends 
promptly wanted some of the same types, and ho was 
soon spending much of his time on further developments 
of measuring equipment. 

In 1883, he decided to relinquish his other interests 
and devote all his time to the research and development 
necessary to produce accurate and convenient electrical 
instruments. He established the Weston Electrical In¬ 
strument Company, of which he was vice-president and 
general manager from 1888 to 1005, and juresident from 
1005 to 1024, when he became chairman of the board, a 
position which he still holds. 

ELECTIONS TO THE ROYAL SOCIETY 
The council of the Royal Society, London, agreed 
to recommend for election as fellows the following 
seventeen candidates: 

Blackett, Patrick Maynard Stuart, lecturer in physics, 
Cambridge University. 

OoUip, James Bertram, professor of biochemistry, McGill 
University, Montreal. ' 

Crompton, Bookes Evelyn Bell, electrical engineer. 

Dawson, Harry Medforth, professor of physical chem¬ 
istry, Leeds University. 

Doodson, Arthur Thomas, associate director of Ldver^o] 
Observatory and Tidal Institute. 

Gough, Herbert John, engineer, National Phyidcal Lab¬ 
oratory, Teddington. 

Hammond, John, senior assistant, Animal Nutrition In¬ 
stitute, Cambridge. ‘ 

Holmes, Gordbn Morgan, physician to the Natkmal Has* ^ 
pital for ’Notvous Diseases, Queen Square, Lond^ 





King, Haroldf dfaemiBtf National Institute for Medical 
Beflearehf Hampstead. 

JJemiard-Jones, John Edward, Plummer professor of in¬ 
organic chemistry, Cambridge University. 

McLeod, James Walter, professor of bacteriology, Leeds 
University. 

Parkes, Alan Sterling, physiologist, Poulorton Student of 
the Boyal Society. 

Salisbury, Edward James, Quain professor of botany, 
London Univorsity. 
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Smith, Bernard, district geologist of H. M. Gleologieal 
Survey. 

Thompson, William Robin, supcrjntendent of Fomham 
House Laboratory of the Iinpenal Institute of Ento¬ 
mology, London and Faruham Royal. 

Tyndall, Arthur Maunering, Henry Overton Wills pro¬ 
fessor of physics, Bristol University". 

Wedderburn, Joseph Henry, Maelagan professor of 
mathematics, Princeton University. 


SCIENTIFIC NOTES AND NEWS 


A TESTIMONIAL dinner to observe the eightieth birth¬ 
day of Professor Elihu Thomson, of the Thomson- 
Houston and General Electric Companies at Lynn, 
Massachusetts, will be held in the Walker Memorial 
of the Massachusetts Institute of Technology on 
Wednesday evening, March 29. In the afternoon 
there will be a conference relating to the theoretical 
and experimental aspects of modern electricity, as well 
as to certain of its historical aspects, with particular 
reference to Professor Thomson's achievements. 

The honorary doctorate of the University of Paris 
will be conferred on Dr. Harvey Ciishing, who retired 
lost year from the professorship of surgery at Har¬ 
vard University and as surgeon-in-chief of the Peter 
Dent Brigham Hospital. 

Dr. Alfred Newton Richards, since 1910 pro¬ 
fessor of pharmacology in the University of Penn¬ 
sylvania, will be awarded the Kober Medal by the 
Association of American Physicians during its annual 
meeting in Washington, D. C., on May 9, in recogni¬ 
tion of hia work on diseases of the kidney. Dr. Rolhi 
E. Dyer, of the U. S. Public Health Service, Wash¬ 
ington, is the Kober lecturer for 1933. Ho will de¬ 
liver the lecture on March 25, at Georgetown Uni- 
veraity. 

At the annual meeting of the American Society of 
ParaaitologUt% honorary foreign membership was 
voted to: Professor H. A, Bsylia> Natural History 
Museum, London; Professor Dr. E. Martini, Institut 
fiir Sehiffis- und Tropen-Hygiene, Hamburg; Profes¬ 
sor Edmund Sergent, director of the Institut Pasteur 
d’Algdiie; Professor Etienne Sergent, chef du service 
antipaludique k PInstitut Pasteur d'AIg^rie, and 
Professor K. I. Skrjabin, Institut d'helmintbologie 
de PEoelft Veterinaire, University of Moscow, 

De. WiTiOBB Stonb^ of the Academy of Natural 
Sdeneea of Philadelphia, has been elected an honorary 
member of the British Ornithologists Union. 

Be. Emxl WiTSOHi, professor of soology at the 
State Dhivmity of lOwa, has been elected to meznber- 
iidp in the Aeademy of Sdeneea at Halle. 


Dr, Edward H. Gary, Dallas, Texas, president of 
the American Medical Association, was the guest of 
honor at the annual dinner of the Rhoflc Island Med-^ 
ical Journal in Providence on February 20, which was 
attended by nearly two hundred physicians. Dr. 
Frederick N. Brown, editor of the journal, was toast¬ 
master. A briefcase and a Texas flag were presented 
to Dr. Cary, who was introduced by Dr. Norman Dar¬ 
rell Harvey, president of the Rhode Island Medical 
Society. 

Arthur W. Dean, Winchester, chief engineer of 
the Massachusetts Department of Public Works, was 
elected president of the Boston Society of Civi’ En¬ 
gineers at its eighty-fifth annual meeting on March 

11 . 

William 0. Moseley, Jr., Traveling Fm^TiOwsinrs 
of the Harvard Medical School, to enable students 
who have attended the school to continue the study of 
medicine in Europe, have been awarded to Dr. Stanley 
J. G. Nowak, instructor in surgery; to Dr, Charles V. 
Seastone, Jr., research fellow in bacteriology and im¬ 
munology, and to Dr. Neil L. Crone, interne at the 
Massachusetts General Hospital. 

The Committee on Scientific Research of the Amer¬ 
ican Medical Association has made a grant to Pro¬ 
fessor F. H. Pike, Columbia University, for the con¬ 
tinuation of his work on the effects of combined ex¬ 
perimental lesions of the central nervous system. 

De, Hiram W. Kostmater, professor and head of 
the department of gynecology, Tulane University 
Graduate School of Medicine, New Orleans, has been 
appointed acting dean of^the school, succeeding the 
late Dr. Henry Daspit. 

Clarence E. Libby, for several years associate pro¬ 
fessor of forestry chemistry at the New York State 
College of Forestry in Syracuse, has been appointed 
professor and head of the department of pulp and 
paper manufacture. 

C. K. Morse, superintendent; at the Nebnudea 
School of Agriculture in Curtis, will take up univer- 
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sity agricultural extension work in Lincoln in Sep¬ 
tember. 

Dr, Lorin a. Thompson, head of the depiirtment 
of psychology at the Ohio Wesleyan University, has 
been appointed director of the summer session, which 
after a lapse of twenty-five years is to be opened 
again. Professor Allen C. Conger, of the depart¬ 
ment of zoology, will continue as director of the 
summer school at Lakeside, a summer resort, under the 
auspices of the Methodist Episcopal Church. 

Dh. J. Needuam, of Gonville and Cams College, 
Cambridge, university demonstrator in biochemistry 
since 10138, has l>een appointed Sir William Dunn 
reader in biochemistry in place of Professor J. B. 
S. Haldane, who has accepted the eh air of genetics 
at the University of London. Dr. Needham was visit¬ 
ing professor of Inoehemistry at Stanford University 
in 1929. 

W. W. Kay, assistant lecturer at the University of 
Manchester, has been appointed lecturer in chemical 
pathology', and C. A. Medaughey, assistant lecturer 
in bacteriology, lecturer in veterinary bacteriology 
and hygiene. 

Dr. Ernest 0. Pringsueim, professor of botany at 
the Oennari University at Prague, has been called to 
the University of Frankfurt. 

Kenneth Headlam-Mokley has been appointed 
secretary of the British Iron and Steel Institute m 
succession to Mr. G. C. Lloyd. 

Du. J. F. McCeendon, professor of physiological 
chemistry at the University of Minnesota, who has for 
the past twelve months been studying the relation of 
iodine to goiter in Japan, China, Italy and Switzer¬ 
land, will arrive on the AquitanUi, which leaves South¬ 
ampton on March 29. 

Dr. Thomas H. Johnson, of the Burtol Research 
Foundation of the Franklin Institute, sailed on March 
15 for Mexico, Panama and Peru, where he will make 
measurements of the directional distribution of the 
cosmic radiation. The work is jointly supported by 
the Carnegie Corporation through the Department of 
Terrestrial Magnetism of the Carnegie Institution of 
Washington and by the foundation. 

Hari.an H. Zodtnek and Frederick A. Greeley, of 
the Astrophysical Observatory of the Smithsonian In¬ 
stitution, sailed on March 4 for Suez, taking with 
them about six tons of equipment for installing a solar 
radiation station on Mount Saint Katherine, Sinai, 
l^gypt- The authorities of the Saint Katherine Mon¬ 
astery on Mount Sinai have agreed to construct the 
observatory and trails. The expedition, financed by 
John A. Roebling, is expected to continue throe years, 


cooperating with the solar radiation, observatories at 
Montezuma, Chile, and Table Mountain, California. 
Mount Saint Katherine was selected after about 
twenty months of exploration by Mr. and Mrs. A. F. 
Moore, It is about 8,500 feet in altitude. 

Dr. Henry C. Sherman, Mitch ill professor of 
chemistry at Columbia University, will be the prin¬ 
cipal out-of-state speaker at the annual meeting of 
the West Virginia Academy of Science, to be held 
at Fairmont State Teachers College, Fairmont, West 
Virginia, on May 5. 

At its meeting on March 9, the Geological Society 
of Chicago was addressed by Professor Kevin M. 
Fenneman, of the University of Cincinnati, on the 
subject “Cyclic and Non-cyclic Erosion,’^ 

Db. Allen 0. Whipple, professor and head of the 
department of surgery of the College of Physicians 
and Surgeons of Columbia University, recently gave 
a series of lectures at the School of Tropical Medi¬ 
cine at the University of Puerto Rico. 

The twenty-fourth course of Lone Medical Lectures 
will be delivered by Dr. J. C. Drummond, professor 
of biochemistry, University CoUege, London, on the 
evenings of April 3, 4, 5, G and 7, at Stanford Uni¬ 
versity School of Medicine, San Francisco. The gen¬ 
eral title of Professor Drummond^s lectures is “Recent 
Advances in the Biochemical Study of Nutritional 
Disorders.” Professor Drummond will also give a 
lecture at Stanford University on April 11, entitled 
“General Survey Lines of Future Progress.” 

The third International Congress for Experimental 
Cytology will take place in Cambridge (England) 
from August 21 to 20, 1933. There will be general 
lUscussions concerning the following problems: Cell 
respiration and cell metabolism; Cell form and func¬ 
tion as demonstrated by recent advances in tissue cul¬ 
ture; The electro-physiology of the cell; Entwicklungs- 
mechariik and Explantation, and The cultivation of 
animal and plant viruses. 

The third expedition from the University of Mich¬ 
igan in a biological survey of the Maya region in 
Central America in cooperation with the Carnegie In¬ 
stitution of Washington Bailed from New Orleans on 
March first. The party consisted of Dr. L. C. Stuart, 
of the Museum of Zoology, herpetologist, and Mr. C. 
L. Lundell, of the University Herbarium, botanist. 
The objective is the great savannah area lying beyond 
Lake Peten in the Province of the Peten, Guatemala, 
where detailed studies and collections of the fauna and 
flora will be mada It is anticipatesd that headquarters 
will be established at La Libertad in the heart of the 
savannah and the work carried on from that base 
for about four months. The first expedition in what 
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is planned as a twenty-year prDject to ascertain not 
only the present biological conditions but the en¬ 
vironment under which the great Maya civilization 
rose and declined took place in 1931 to the region 
of Uaxaotun far to the north in the Peten district 
where the Carnegie Institution has been excavating 
for some years. The second in 1932 was an elaborate 
series of explorations and studies of the cenotes and 
aguadas of the Yucatan peninsula, with Chichen Itza 
as the headquarters. The work is supported by the 
Carnegie Institution of Washington and the Univer¬ 
sity of Michigan. 

The Laboratory of Anthropology at Santa Fe offers 
for the summer of 1933 twelve fellowships in field 
training. Four appointments will be made in arche¬ 
ology, working under the direction of Dr. F. H. 11. 
Roberts, of the Bureau of American Fjthnology, on 
Pueblo sites in Arizona. Four scholarships in eth¬ 
nology are available for work under the direction of 
Professor Ralph Linton, of the University of Wis¬ 
consin, on tlie Wichita of Oklahoma. Four scholar¬ 
ships in linguistics are offered under the direction of 
Dr. Harry Hoijer, of the University of Chicago, con¬ 
ducting research on the Apache language in Arizona. 
The Fellowship Committee consists of Alfred M. Toz- 
^er, chairman, Edward Sapir and Neil M. Judd. 

According to Industrial and Engineering Chem¬ 
istry, The Chemical Netos, founded in 1859 by the 
late Sir William Crookes and for many years a pub¬ 
lication of some importance, has apparently ceased 
publication. The issue for September 23 was the last 
weekly number and it bore a notice of change of fre¬ 
quency to a monthly issue, but only the October 
number appeared and that was late. In that number, 
however, the editor indicated some hope for a reor¬ 
ganization which would enable weekly pubheation to 
be resumed in November, However, according to 
Chemistry and Industry, the company formed under 
the name “The Chemical News, Limited” has now 
gone into liquidation and consequently the world’s 
oldest English weekly chemical journal has come to 
an end. For years British and American investi¬ 
gators, especially in inorganic and analytical chem¬ 
istry, published their results in this journal which, 
being a weekly, afforded means for prompt publica¬ 
tion. Many of the discoveries of new elements were 
announced in its pages and for seventy-three years 
The Chemical Ilexes recorded in some form continu¬ 
ous progress in chemistry and allied sciences. 

The London correspondent of the Journal of the 
American Medical Association writes that at the in¬ 
vitation of the University of London, the Universi¬ 
ties of Oxford and Cambridge and the Royal Colleges 
of Pbysioianfl and Surgeons have appointed represen¬ 


tatives to consider, with those of the University of 
London, the present defects of the medical curriculum 
and to make suggestions for reform. The University 
of London was led to take action by a recommenda¬ 
tion of the board of the faculty of medicine, which 
has been giving consideration to various criticisms of 
the medical curriculum. Representatives of the con¬ 
ference include Sir Farquhar Buzzard, regius pro¬ 
fessor of medicine, University of Oxford; Dr, W. 
Langdon Brown, regius professor of medicine, Uni¬ 
versity of Cambridge; Dr. A. M. H. Gray, dean of 
the Faculty of Medicine, University of London; Lord 
Dawson of Penn, president of the Royal College of 
Physicians; Sir Ilolburt Waring, president of the 
Royal College of Surgeons. At the first meeting, Lord 
Dawson was elected chairman. The conference intends 
to call evidence and to review the whole course of 
medical education. 

The Grand Canyon National Monument, established 
by proclamation on January 6, is about fifty miles 
down the river fi*om the point on the south rim from 
which tourists usually view the canyon, providing a 
number of new views. The proclamation covers 392 
square miles and includes laud already withdrawn by 
the Federal Government for study as to the best use 
to be made of it. The area is about 500 miles uy 
motor from Los Angeles, and about 60 miles as the 
bird flies from Grand Canyon Village on the South 
Rim. Toroweap Point has an elevation of 4,750 feet, 
although thd outer rim just above the point has an ele¬ 
vation of 6,500 feet. Looking downward from Toro¬ 
weap Point it is 3,000 feet to the Colorado River, 
which appears to be a slender and seemingly insignifi¬ 
cant ribbon of silver from this height. A huge cinder 
cone of volcanic origin with the mythological title of 
“Vulcans Throne” is also included in the monument. 

The National Park Service at Yellowstone National 
Park is again making preparations to distribute bison, 
grizzly bears and black bears to preserves, zoos, 
zoological gardens and parks. While the buffalo ship¬ 
ments will not be made until November and December, 
when weather conditions are more favorable, requests 
for bears will be handled as soon as received and the 
animals can be captured. It is announced that these 
animals will not be disposed of as pets. They are 
distributed primarily for purposes of exhibition and 
to maintain a balance in the Yellowstone Park animal 
world. Whereas the Park Service makes no direct 
charge for any of these animals, advance payment of 
from $65 to $70 for a buffalo, and $75 for a bear is 
necessary to cover the cost of crates, transportation 
from the point of capture to Gardiner, Montana, cost 
of feed, and expenses incidental to the shipment. 
Buffalo will be sent only as yearlings or older. In 



tho oa«e of a yearling the cost f.o.b. Gardiner, Mem- 
tana, is approximately $55, the animal weighing 1,000 
pounds crated; while for a full grown buffalo, which 
weighs about 2,000 pounds crated, the cost is approxi¬ 
mately $70. All animals are shipped express collect 
Should the charges in connection with shipment 
amount to less than the sum remitted, a refund of the 
balance will be made. Requests should include infor¬ 
mation as to the number, sex and approximate age of 
the animals desired. 

TjElb Journal of the American Medical Association 
reports that at a meeting of a class at the Prussian 
Academy of Sciences in Berlin, a preliminary report 
was presented by Dr. Richard Walzer, of Berlin, on a 
recently discovered manuscript by Galen The manu¬ 
script, which is entitled “On Medical Empiricism,” 
furnishes a complete Arabian translation by ^Hubais 
of the work that is known in the Occident only 


through a few scanty fragmunts. Medical ^ 
plrieiam” is by no means a polemic against empirical 
medicine but rather a manual in which the eminent 
Greco-Roman physician for didactic reasons permits 
the advocates of unsupported theories to present their 
views, the mode of presentation being that first the 
dogmatizing physician attacks the empiricist and then 
the empiricist is given ample opportunity to defend 
his position. This manuscript, along with the "Sub- 
figuratio Empirica,” will bo an important source of 
information with regard to the empirical medicine of 
antiquity, which, in the main, has been known only 
through the polemical attacks of its opponents. The 
manuscript contains, furthermore, some new material 
on the history of philosophy, especially on skepticism, 
and a new fragment of the writings of Democritus 
and of the Cynic philosopher Diogenes. Likewise the 
antecedents of Hellenistic empirical medicine will be 
clarified by Walzeris discovery. 


DISCUSSION 


THE LAW OF MAXIMUM NORMAL 
NUTRITIVE VALUE 

Evidkncje; has been accumulating for many years, 
but especially during the past quarter century, which 
IS in harmony with the conclusions of the wnter and 
his associates (1) that, in a critical sense, foodstuffs 
can not be evaluated individually; (2) that net energy 
values of individual foodstuffs are fundamentally 
variable, and hence are not practicable standard mea¬ 
sures of reference, and (3) that the most nearly 
logical, single, conventional measure of whole nutri¬ 
tive value is the net energy of the nutritively com¬ 
plete ration. 

The time, therefore, seems propitious for the 
formulation of a principle underlying these ideas— 
which may be called “The Law of Maximum Normal 
Nutritive Value” and which may be stated as follows: 

An individual foodstuff expresses its normal and most 
characteristic nutritive value, for a given kind of animal, 
under specified conditions governing nutritive require* 
ment, only as it is a part of a ration which is qualitatively 
complete and quantitatively sufficient, for the eonditioiu 
existing—-except as it may express the same value by vir¬ 
tue of the capacity of the animal temporarily to protect 
itself from food nutrient deficiency by drafts upon the 
nutritive reBcrves of Us own body, or as it may express 
even higher apparent value, under certain pathological 
conditions, or during undernutrition, by virtue of the 
protective or body-spuring capacities of nutrients. 

It is true that a foodstuff may seem to have a 
greater value when added to a markedly defloient 
ration than when added to a more nearly perfect one, 


if the entire supplementing effect of the combination 
is, illogically, credited to the supplementary food; 
but this is only because the supplement is thus 
credited with more than its own value, since, logically, 
each component of the more nearly perfect ration 
should be credited with greater value than it has in 
the less nearly perfect ration. Manifestly, there is 
no scientific method of apportioning the nutritive 
value of a diet among its components. 

From the critical point of view of the principle 
stated foodstuffs can not bo compared with each 
other, as to nutritive value, except with reference to 
a constituent, or a quality, or a capacity which they 
have in common—which, obviously, constitutes an in¬ 
complete and therefore imperfect basis of oomparison. 

This position may seem extreme, but is finally in¬ 
escapable. The experimenter has only to choose be¬ 
tween a voluntary adoption of this logically correct 
point of view, and a forced acceptance of the same 
attitude, after having been driven from one funda¬ 
mentally untenable position to another until no choice 
remains. 

A reason for the frequent failure of investigators 
adequately to observe this principle, in nutritional 
studies, is apparently the fact that, under ipany cont 
ditions, especially in short-time periods of expert 
mental observation, nutritive deficiencies are, for the 
time being, completely masked by drafts upon the 
reserves of the animal body. Experimenters, ^re- 
fore, often overlook the fact that under some otheat 
conditions the same deficiencies would unquestiona'bljr 
affect apparent nul^tive values. 



2\mdaia6ntal nutritive requirements may be con¬ 
sidered, in a sense, to be satisfied, from one source or 
other, so long as life continues—if not from the food, 
then necessarily from the body. 

It is sometimes only through the accumulation of 
discordant experimental results during the course of 
years that the eftects of failure adequately to 
recugni/^ the principle to which we call attention be¬ 
come appamit. 

In spite of the simplicity and obviousness of the 
foregoing expressions, the experimenter in the field 
of nutrition will realize that the point of view is 
exacting and that its full observance would require 
very much more knowledge of the details of nutrition 
than is now possessed by any one. 

The experimenter can only strive toward finality 
of results by planning Ins rations in consideration of 
the most that is known as to nutritive values of food¬ 
stuffs and nutritive requirements of animals—which, 
in a few words, and in most relations, signifies that 
in nutritional investigation rations should be com¬ 
plete, perfect and sufficient, in all characteristics ex¬ 
cept the single one upon which evidence is sought. 

Information which would be most helpful, in rela¬ 
tion to the whole subject of measures of nutritive 
effects and requirements, is detailed knowledge of 
specific nutritive defioienoies in relation to the utiliza¬ 
tion of food, and as to the extent of the protection, 
and the time element in the protection, of the animal, 
from food nutrient deficiencies, which may be afforded 
by drafts upon its own nutritive reserves. 

E. B. Forbes 

Pbnnbylvanu State College 

THE LAW OF EFFECT 

Thorndike^ has just come out with an unusually 
striking demonstration of the law of effect, the prin¬ 
ciple that in learning a ^^satisfying after-effect 
strengthens directly the connection producing it,” and 
Ogden* has hurried forward to say that after all a 
dynamical aoooont of aucdi relationships is preferable 
and that the retroaction of satisfaction simply means 
* that a total temporal integration is most firmly estab¬ 
lished when it has completed itself. The time may 
come when the soientifio world can do without the 
concept of cause-and-effect, or may remake it so that 
a cause can be subsequent to its effect However, I 
do not believe that we are yet forced to any such 
novel view in theoretical psychology. There are at 
least four possibilities from which to choose; 

(1) Success stamps in the preceding action retro- 
|MStively--which is what the law of effect seems casu- 

’ ^ ilL li, Thorndike, SciWOE, 77: 178-175 (February 10, 

V f. )C. Ogden, SoiBNCSi, 77: 240 (March 8, 1933). 
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ally to mean, though it may be interpreted as (3) 
below. 

(2) Success is the consummation of a process that 
is stamped in as a whole, so that tlie first part of the 
process actually is affected by a later part—which is, 
I think, nearly what Ogden means. 

(3) Organization of a content, being potentially 
looming for ultimate reproduction, leaves a trace 
which persists to be affected by subsequent events. I 
believe that this view is really Thomdik«f'8. 

(4) “Retroactive facilitation” is actually the ab¬ 
sence of subsequent inhibition: all mental organiza¬ 
tion would lead to memory but for the subsefiuent de¬ 
struction of the traces, and success provides condi- 
lons for minimal destruction. This view is derived 
from the experiment of Jenkins and Dalicnbach.® 

The difficulty with the first two views is that, sim¬ 
ply conceived, they imply the rcvoixibility of time, the 
dependence of the present upon the future. The tem¬ 
poral Gestalt has, it seems to me, clear value as a 
scientific concept, but not in the form of (2). With 
such aonsible and plausible alternativ(*s as (3) and 
(4), why should wo refuse, as Ogden does, to discuss 
the interrelation and mutual effects of the parts of 
the total integration? 

Edwin G. BoKiNef 

Harvard University 

IS THE SPELLING AMOEBA SACROSANCT? 

I HAVE re<}eived two or three blue-pencilled copies 
of a statement made in Science of February 10 of the 
current year (page 170) to the effect that: “Generic 
names are sacred and their spelling may not be 
changed to suit the whims of writers. Amoeba can 
not become ameba.” Inasmuch as I am one of the 
illiterate who have dared to use the spelling “Ameba” 
in a recent book, presumably to the corruption of 
the youth of the land, my curiosity has naturally 
been aroused, and I have followed up the matter a 
bit bibliographically. I find that the original spelling 
was Amiba, a name given by Bary de St. Vincent in 
1822, Ehrenberg admits this in a paper in 1830, 
although be impiously changed the spelling to Amoeba 
and uses this fonn of spelling in his well-known 
monograph of 1838. Surely Ehrenberg had no more 
right in 1830 to lay profane hands on what is 
“sacred” than we have to-day,^so the oe form should 
have no better standing than the e form among 
zoological ecclesiastics I But then why use the term 
at all? Taxonomists have agreed, I believe, in ac¬ 
cordance with the ■'international Code of Zoological 
Nomenclature” to accept the generic nomenclature set 
forth in the tenth edition of Linnaeus’ “Systema 

G, Jenkins and K. M, Ballonbach, Amer> Jour. 
Psychol, 26: 606-612 (1925). C/, W. 8. Hunter, ‘'Foun¬ 
dations of ExperinSontal Psychology," 699-606 (1929).' 
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Naturae/’ and in that edition (1758) Linnaeus termed 
the creature in question Volvox chaosf later changing 
it to Chaos protheiis in his twelfth edition. Thus the 
past nomenclature of Ameba seems to have been 
almost as protean as the creature itself. 1 suspect, 
however, that most of us will go on using the term 
Ameba or Amoeba, os our respective judgments may 
dictate. As to Paramecium, since the original spelling 
was with an e and not an oe or an ae, the correct 
form is obviously Paramecium. 

M. F. Outer 

Universttv or Wisconsin 

MORE OHIO MEDUSAE 

In my recent communication on an occurrence of 
fresh-Avatcr medusae at Akron, Ohio,^ I made refer¬ 
ence to the approximate number of siuh discoveries 
in the United States. Since I stated mine wits the 
second such occurrence in Ohio, I must make this cor¬ 
rection. I inadvertently overlooked others of recent 
dates. 

In September, 1930, some medusae were found in 
Vermillion River, some in a quarry near Ashland, and 
in October, 1931, some in a quarry near Toledo, all 


localities in northern Ohio. These were reported in 
an abstract by Mr. Robert L. Baird, of Oberlin, 
Ohio.* 

Walter C. Kraatz 

Universitt or Akron 

FARADAY’S DIARY 

In a recent review of Faraday’s Diary (SoiSNOE, 
Jan. 13) I pointed out that one of the most important 
experiments in electromagnetic induction, described 
in the First Series of Experimental Researches, noted 
as read on November 24,1833, is entered in the Diary 
under date of December 2G. I ventured to suggest 
that the date in the Diary must be wrong. After 
correspondence with Mr. Thomas Martin, the editor 
of the Diary, I am convinced that it was right. Mr. 
Martin permits me to say on his authority that con¬ 
siderable additions were made to the First and Second 
Series of the Experimental Researches in Electricity 
after the papers were read and before they were pub¬ 
lished. 

No question of priority is involved, and I make this 
correction only for the sake of historical accuracy. 

W. F. Magie 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


RECENT DEVELOPMENTS IN GRAVITY 
APPARATUS 

The greatly increased interest taken in the use of 
geophysical methods in searching for buried geological 
structure, has resulted in an increased use of gravity 
apparatus for determining the value of g. For sev¬ 
eral decades the Von Sternock invariable pendulum 
apparatus, or some modification of it, was used by 
geodesists for determining gravity. The observations 
were planned to meet the needs of physicists and 
chemists working in laboratories, and to enable 
geodesists to determine the figure of the earth or 
isostasists to study the distribution of densities 
throughout the earth’s crust. 

As gravity stations have become more closely 
spaced, it has been found that there is a definite rela¬ 
tion between the gravity anomalies and the density of 
the rock close to the stations. This relationship is 
indicated in one way by large differences in anomalies 
for stations close together, of which there are several 
notable examples. 

The Coast and Geodetic Survey, having had many 
calls for gravity surveys, assigned E. J. Brown, one 
of its field engineers, to the task of modernizing its 
pendulum apparatus, which had been in use since 
the early nineties. Brown finished his work about a 
year ago and the apparatus, named after him, has 

iSciENOE, 77: 87, 1933. 


since been given a very severe test in the field, during 
which about seventy stations were established. The 
results have been in every way satisfactory. With the 
Brown apparatus one station a day can be observed, 
provided the distance between stations is not excessive, 
while with the old apparatus of the Coast Survey it 
was impossible to observe satisfactorily more than 
five stations per month. 

The essential features of the Brown apparatus are: 

(1) The receiver supports are about in the same 
horizontal plane as the knife edge on which the 
pendulum swings. This arrangement greatly reduces 
the flexure of the apparatus, 

(2) The oscillations of the pendulum are made to 
actuate a photoelectric cell and the impulses are 
amplified until they operate the chronograph pen. 
With this arrangement the time signals sent from the 
Naval Observatory by radio can be compared directly 
on the chronograph sheet with the oscillations of the 
pendulum and a chronometer is not needed as an 
intermediary timepiece. 

(3) Another very important feature of the Brown 
apparatus is that most of the auxiliary parts of the 
gravity equipment are installed permanently in an 
automobile truck. These parts include the chrono¬ 
graph, radio apparatus used for receiving the signals, 
switchboard, batteries, etc. The only important part 

2 Ohio Jour. Science, 82t 323, 1G32. 
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of the apparatus that needs to be taken out of the 
truck on arrival at a new station is the pendulum 
receiver, 

(4) The pendulum receiver is designed in such a 
way that the pendulmn can be clamped in a safe posi¬ 
tion without removing it, after observations have been 
made at a station. The receiver containing the 
clamped pendulum is then placed in an automobile 
truck and carried to the next station. At the new 
station the apparatus can be set up and the pendulum 
released and started in operation within a few minutes. 
A few electrical connections between the case and 
the apparatus installed in the truck and the erection 
of a short antenna completes the necessary arrange¬ 
ments. Ordinarily, the receiver remains evacuated 
during a whole season, and this helps to maintain a 
more uniform temperature of the pendulum. 

There are several other novel features in the Brown 
apparatus, but they are of less importance than those 
mentioned. A brief account of the apparatus will be 
found in Transactions of the American Geophysical 
Union, dated June, 1932. 

The Brown apparatus at the time of this writing 
is being used for a gravity survey in Cuba. It is 
expected that observations will be made at approxi¬ 
mately seventy stations in that island, which were 
selected by the geologists of the Atlantic Refining 
Company of Cuba. The work is being done by the 
cooperation of that company, the Coast and Geodetic 
Survey, the Naval Obser\'atory and Professor Richard 
M. Field, of Princeton University, chairman of the 
Committee on Geophysical and Geological Study of 
Oceanic Basins and their Margins of the American 
Geophysical Union. 

Another new gravity apparatus, called the Lejay- 
Holweck Gravimeter, is receiving to-day a great deal 
of attention. This apparatus consists of a base on 
which is mounted a vertical frame that supports 
rigidly a short thin strip of elinvar extending ver¬ 
tically upward. Attached to the upper end of the 
elinvar strip is a bob of quartz whose coefficient of 
expansion is close to zero. The whole apparatus can 
be carried in a small box or case and is easily trans¬ 
ported by hand. 

The bob supported by the elinvar strip oscillates 
under the combined action of gravity and the elasticity 
of the strip. The moss of the bob is such that it is 
almost exactly balanced by the elastic force of the 
strip. By means of this arrangement the pendulum 
is given a very long period and in consequence is 
very sensitive to variations in the pull of gravity. 
This makes it unnecessary to have a very exact time 
control for measuring the periods of oscillation. It is 
Stated that the apparatus is one hundred times more 
sensitive than the ordinary gravity pendulum and, 
therefore, an error in time may be tolerated that is 


one hundred times as great as that permissible with 
the usual pendulum apparatus. 

In the Comptes Rendus of the Academy of Sciences 
of January 3, 1933, is a short article by Dr. Lejay 
telling of a gravity survey that had been made by 
him in the northwestern part of France. Forty 
determinations were made with the Lejay-Holweek 
apparatus in the two months of October and Novem¬ 
ber, 1932. During two weeks of that period no 
observations were made. As an indication of the 
rapidity with which the observations were carried on, 
it is stated that on October 7, 1932, and again on 
October II, observ'ations were made at three stations. 
On each of several other days two stations were 
established. The average distance between the sta¬ 
tions in this survey was about 40 kilometers. During 
the period, observations wore made in Paris on three 
different dates and the range in the values of gravity 
at that station was only one part in a million. It is 
stated by Lejay that wherever he found it imprac¬ 
ticable to find a stable support for his apparatus he 
preferred to secure what he considered a fairly ac¬ 
curate determination with an uncertainty of about 
two parts in a million of gravity rather tiian to delay 
the progress of his work. An accuracy of two parts 
in a million is really quite satisfactory for most pur¬ 
poses to which gravity data are applied. During the 
7,000 kilometers traveled in an automobile during this 
gravity survey the pendulum did not change. 

Ijejay states that as a result of his campaign in 
northwest France one may be assured that it is pos¬ 
sible for a single observer without any assistance 
and without great fatigue to complete one station 
per day, provided a means of rapid transportation 
IS at the disposal of the observer. 

It is understood that the computations for the 
topographic and isostatic reductions of the gravity 
stations in France will be made shortly. It will l>e 
of interest to learn the results, for until now there 
have been but few gravity stations in France for 
which the isostatic anomalies are available. 

The Brown and the Lejay-Holweek types of 
apparatus are the only new ones known to the writer 
with which extensive and successful field work has 
been done. Other types of gravity apparatus are in 
the process of development. ^One is the apparatus of 
Fred E. Wright, of the Geophysical Laboratory of the 
Carnegie Institution of Washington, which is based on 
the Use of horizontal helical springs to balance the 
pull of gravity on a weight at the end of a lever arm 
supported in a horizontal position by the torsion of 
the springs. Wright has developed his apparatus to 
the point where he was able to make some tests with 
it outside of the laboratory. No definite information 
is available as to the character of the results obtained 
during these tests. 
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An apparatus has been in the process of develop¬ 
ment at the office of the Geodetic Institute at Potsdam, 
Germany. This one has as its essential feature the 
balancing of a column of mercury against a fixed 
volume of gas. No definite reports* of progress are 
available, but the writer has been led to l)elie\c from 
oonversations and correspondence that the apparatus 
gives promise of being quite effective. 

A new type of gravity apparatus has recently been 
developed in Norway. A description of the apparatus 
and of the methods employed in its use is contained 
in articles by K, Wold and G. Jelstrup, which ap¬ 
peared on jiagcs 269 to 279 of Gerlands Beitnuje zur 
Geophysik, No. 36, 1932. 

It is well known that one or more of the petroleum 
companies of this country have been v'orking on 
gravity apparatus and methods, but no in formation 
regarding them is in pnnt. It is known, lirAvover, 
that a method has been employed whereby the 
oscillations of a pendulum kept swinging at a central 
field base station are transmitted by radio to sur¬ 
rounding stations at which they are compared directly 
with the oscillations of the field pendulums.^ With 


such a method the required aoonraey ean he ohtaiiied 
by a flhort series of observations and any number of 
gravity parties can operate simultaneously in the field 
within a reasonable distance of the base. This method 
should be very effective in making an intensive gravity 
survey of a comparatively large area, but for the 
usual gravity work the expense of operating the base 
station with the transmitting apparatus would scarcely 
be justified. 

It may be said without question that notable prog¬ 
ress has been made recently in the improvement of 
gravity methods and apparatus, and it is very prob¬ 
able that even further advance will be made in the 
very near future. Gravity surveys will undoubtedly 
play an ever-increasing part in geophysical and 
geological studies designed to disclose buried struc¬ 
ture, a matter of great importance in the search for 
petroleum, water and minerals. Anticlines, domes, 
synclines and masses of heavy rock or ore may be 
indicated by the values of gravity at statioiis located 
immediately above or very close to them. 

WiLUAM Bowie 

U, S. Coast and Geodetic Survey 
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NEW HARDY SEEDLESS GRAPES 

A PHOJKCT^ in breeding grapes which has for its 
aim the development of hardy seedless cions of merit 
has now given 28 seedlings that bear seedless or near- 
seedless fruits and that are hardy in the climate of 
central New York. One of these plants has already 
been re ported,= but most of them fruited for the first 
time in 1932. 

Seedless grapes of various types occasionally arise 
directly from seeded grapes, presumably either by 
mutation, by segregation or by some particular com¬ 
bination of complementary factors. Such plants usu¬ 
ally bear viable jjollcri and hence they may be em¬ 
ployed as pollen parents in crosses with seeded plants 
in the effort to take advantage of any hereditary 
values which seodlessness may possess in obtaining 
more seedless individuals among the offspring. 

The new seedless grapes thus far obtained in this 
project are all the progeny of hardy seeded grapes 
crossed with the tender seedless varieties Sultanina, 
Rose Sultanina and Black Monukka. According to 
the investigations of Goodspeed,® Susa* and Pearson,® 

1 This method was suggested by C. A. Heilond in 1927 
in a paper given before the Section of Geodesy of the 
American Geophysical Union. See Bulletin No. Cl of the 
National Besearch Council, pp. CC-^1. 

1 By permission of the authorities of The New York 
Botanical Garden the writer has cooperated with the 
.Department of Horticulture of the State Exporiment 
Station at Geneva, N. Y., in tills project. 

■ A B. Stout, New Hardy Seedless Grape/' Jour, 
Beredity, 19: 31fi-323, 1928. 


in these seedless grapes fruits are for the most part 
produced only after pollination and fertilization, and 
hence the parthenooarpy is stimulative rather than 
Spontaneous. 

Vines of the tender seedless grapes are grown in 
the courts between greenhouses at the New York Bo¬ 
tanical Garden, where they frequently flower at the 
time when the pollen can bo used on hardy grapes in 
bloom at Geneva. Rather large numbers of seeds 
(several thousand) were obtained in the crosses, but a 
large percentage of the died in the nursery or vine¬ 
yard, evidently because of tenderness inherited from 
the vinifera parent Of the seedlings that survived 
some have seeded fruits and some have seedless or 
near-seedless fruits. 

The occurrence of seedless grapes in considerable 
numbers in the generation of these crosses is a 
matter of importance to the practical results of the 
breeding effort. The occurrence of both seeded and 
seedless individuals in this genoration is a result of 
sigiufioance in considering the heredity of seedless¬ 
ness. It appears that seedlessnc^ of the type here 
concerned is not a simple character in inheritance and 
that in these crosses one or both parents are hetero- 

» T. H, Goodspeed, Paper presented ha Oj 73rd 

meeting A. A. A. S,, December 28, 1920. 

♦T. Snsa, '‘Sterility in OertAUi Grapes/' Sort. 
Soc, N, Y. 8; 223-232, 1927. 

9 Helen Pearson, “Parthenocarpy and fieedlenniiSM in 
Viti9 vinifera,^* Bamtcm, 7dj 1932. 
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eygouB for oertain of tiie complementary factors in- 
Tolved. 

A preliminary study of the seed-like structures in 
the mature fruits of these new seedless grapes shows 
several degrees of development* In a few cases there 
are only tiny rudiments of seeds, quite as exist in the 
fruits of the Sultanina grape. But in most cases 
there is some development of the tissues of the seed 
coats, but the structures, even when their size ap¬ 
proaches that of a seed, are either without embryo 
and endosperm or with only traces of them and are 
so soft and pulpy that they are not noticed when the 
fruits are masticated in eating. It appears that the 
type of seedlessness in these plants corresponds to 
that of the pollen parent, but that the inhibition in 
the development of the seeds which results in their 
abortion is less complete in most of them. 

The seedless plants already obtained are being util¬ 
ized as pollen parents in crosses with sister plants 
that have seeds. The latter are being selfed and 
crossed to obtain a second generation and they are 
being used in back crosses with the seedless parents. 
The results should give further data on hereditary be¬ 
havior, and, it is hoped, provide more of the seedless 
grapes. 

Several of the seedlings which bear seedless or near¬ 
seedless fruits possess considerable merit. For these 
the clusters are well filled and of good size or even 
large. In size the berries range from larger than 
Delaware fruits to nearly the size of Concord. The 
colors include green, amber, red, mottled red and 
shades of black. In quality there is considerable vari¬ 
ation, but the best are vinous, sweet and meaty. 
Several ripen early. The most promising of these 
grapes are being propagated for trial under cultural 
conditions. 

A. B. Stout 

New Tobk Botanical Gasdsn 


THE OCCURRENCE OF ROTENONE AND 
RELATED COMPOUNDS IN THE ROOTS 
OF CRACCA VIRGINIANA^ 

Craoca viroikuna, the most abundant species of 
the genus Cracca indigenous to the United States, has 
recently been repoited as possessing insecticidal prop¬ 
erties.* This, together with the fact that other species 
of Cracca, namely, C. toaicaria from South America 
and C. ijogeln tnm Africa, have yielded substances 
related to ttws rotenon© group of fish poisons,* has 
made a chemical study of the American species inter¬ 
esting and desirable. Such an investigation has been 


1 From 1^6 In«e<pticide Piriaion of the Bureau of Chem¬ 
istry and Bolls, United States Department of Agriculture, 
WSahIngtom D, oT 

Slittle, BoiaK<^# 73, 315 (1931); Jour. Soon. JSni., 
Wi 7.43 (1931). ; 

* *Ulaik, /Oar. Chem. Boo., 52, 2461 (1930); 63, 
(1931), 


in progress and to date the following results have 
been obtained: 

Ether extraction of the roots of the plant yielded 
from 4 to 6 per cent, of resinous materials having a 
pleasant characteristic odor. The extract, when tested 
as a fish poison, showed essentially the same toxicity 
as pure rotenone. It contained 9 per cent, methoxyl'* 
and in many ways resembled the non-crystallizable 
extractives from denis and cube roots.* Attempts to 
obtain individual major constituents by distillation, 
cr^'stallization or the formation of derivatives were for 
the most part unsuccessful, although four substances 
were obtained in small quantities. These were 
rotenone, dehydro rotenone, tephrosin and a colorless 
crystalline material, C„ 2 H^O^, whose M.P. is 131*^. 

The rotenone was obtained by dissolving one part 
of the resin in an ecjual part of »-butyl ether and 
allowing the solution to crystallize for from two to 
three weeks. The yield was usually about 6 per cent, 
of the weight of the resin, but apparently much more 
rotenone was present which did not crystallize be¬ 
cause of the complex natiire of the mixture. This 
Was shown by the fact that a slightly more dilute solu¬ 
tion failed entirely to crystallize or at most gave only 
traces of crystals, and also by the fact that solutions 
of the resin in other solvents, from which rotenone 
readily crystallizes from very dilute solutions, would 
not crystallize. 

DehydroiHitenono W'as obtained from the resin in 
approximately 2 per cent, yield by treating the mate¬ 
rial in a methanolie solution with alkali (50 gm. 
resin, 200 cc. methanol and 0.5 gm. potassium 
hydroxide). Soinotiines crystallization occiirrod in a 
short time, and again a month or more was required 
for the process to take place. The deh^^drorotenone 
was frequently contaminated with material which ap¬ 
peared to be a dehydro derivative of a somewhat 
higher molecular weight. The first specimen obtained, 
for example, melted sharply at 217°. It gave 
analytical values approximately half-way between 
that required for dehydrorotenone and dehydro- 
toxicarol and could not be further purified. 
Hydrolysis with alcoholic alkali, however, gave a fair 
yield of derrisic acid, and examination by the optio^ 
immersion method® showed that much of the material v 
was dehydrorotenone. This particular phenomenon 
is the same as was recently reported for certain 
naturally occurring mixtures of dehydrodeguelin a> 
dehydrotoxicerol.^ Other specimens of the dch" 

* A llgroin (B.P. 40-60°) extract was employ*' 
this purpose. 

0 Clark, SoncNcE, 71: 396, 1930. 

0 The optical identifications involved in this 
tion were performed by George L, Keenan, 
and Drug Administration, U. S. Departme' 
lure. 

^dark and Keenan, Jour. Am. Cher 
1933. 
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»am6 or othor samples of rcsui 
and identified by melting-point, 
jini and optical properties, 
as obtained by removing the methanol 
lydrorntenone mother liquors, dissolving 
j in approximately an equal volume of 
i and allowing the solution to crystallize over 
jd of several weeks. The material was purified 
identified by melting-point, mixed melting-point 

J optical properties. 

The fourth substance, sometimes crystal¬ 

lized in small amounts from the alkaline methanolic 
solutions upon standing. A small quantity could al¬ 
ways bo obtained by adding approximately 5 per 
cent, of water to the alkaline alcoholic solution and 
allowing the turbid liquid to stand until it cleared. 
Crystallization usually occurred. If this did not take 
place, the oily insoluble layer in the bottom of the 
flask was dissolved in boiling petroleum ether and 
concentrated to about one fifth of its volume. Upon 
standing the solution crystallized. The material was 
purified by recrystallization from petroleum ether. It 
consisted of colorless rods which melted at 131° and 
gave in alcoholic solution a greenish purple color 
with ferric chloride, but it did not dissolve in aqueous 
alkali. Analysis for carbon and hydrogen and 
molecular weight determinations showed it to have 
the formula The material reacted with 

hydriodic acid in a Zeisel apparatus, giving an alkyl 
iodide, but the results were of such a character as to 
show that probably neither methoxyl nor ethoxyl 
groups were present. The material in a concentration 
of 1-100,000 when tested for toxicity, employing 
goldfish as test animals, was inert. 

The yields of tephrosin and the compound were 
small and variable, but, as with rotenone, there were 
ample indications that much more material than was 
obtained was present in the resin. In all probability 
the complex character of the extractives Inhibited the 
crystallization of the individual constituents. 

While the results here recorded account for only 
a small portion of the extractives of Cracca virginiamf 
it is interesting that this is the first native plant of 
the United States in which members of the rotenone 
group of fish poisons have been found. 

E. P. Clark 

'FFECT OF TEMPERATURE ON EVER- 
SPORTING EYE COLOR IN DROSOPH¬ 
ILA MELANOGASTERi 

x-ray experiments have produced three 

'G Rockefeller Institute for Medical Research, 
Animal and Plant Pathology, Princeton, 
Department of Biology, School of Hygiene 
1th, Johns Uopkina University, Baltimore, 


mottled-eyed stocks.® All are caused by some change 
in the normal allelomorph at the white locus of the 
x-rayed wild type sex chromosome. Regular males 
receiving a treated X-ehromosome, and regular 
females heterozygous for a treated X and for white 
eye color, have mottled eyes. 

Since the mutation rate varies directly with tem¬ 
perature in Drosophila melanogastrr^^ it might be ex¬ 
pected that temperature would influence such condi¬ 
tions of genetic instability. Similar cases of ever- 
sporting in other forms have been tested for effect 
of temperature. Eyster^ found that strains of maize 
with variegated pericarp color raised in Arizona 
showed less extreme variegation patterns than the 
same strains raised in a cooler climate in California. 
Demerec,"' on the other hand, found that a difference 
of 10° C did not affect mutable miniature in 
Drosophila virilis. 

Preliminary tests at 29°, 24° and 18° C show that 
the cooler the temjierature at which the flics are 
raised the larger the light areas of mottled eyes in 
our stocks. Temperature affects viability as well as 
eye color. Mottlod-2 is almost completely lethal to 
males at 18° and 24°, but at 29° a fair proportion 
of the expected males survive, demonstrating that 
genetic constitution may be a factor in determining 
the survival value of an organism in an unfavorable 
environment. 

This temperature effect offers a means of detennin- 
ing the larval stage at which mottling occurs, which 
may furnish a duo as to the mechanism involved. 
Eystcris work and ours both indicate that the in¬ 
cidence of cversporting varies inversely with tempera¬ 
ture, which seems to imply that something other than 
regular gene mutation is responsible for these cases 
of unstable genetic constitution, ^ 

E. H. Gat 
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THERMODYNAMICS AND RELATIVITY. II 

By PROFESSOR RICHARD C. TOLMAN 

CALIFORNIA INSTITUTE OF TECHNOLOGY 


(5) Consequences of Relativistic Thehmodtnamics 
To complete our discussion, we must now consider 
the possible consequences of relativistic thennody- 
namics. The technical modifications in thermodynamic 
theory needed to secure its extension to relativity may 
have seemed too trivial and obvious to warrant the 
expectation that these consequences could be very 
novel or interesting. Nevertheless, tho actual effect of 
replacing classical ideas as to the nature of space and 
time by relativistic ideas is so fundamental as to lead 
to important differences between the results of classi¬ 
cal and relativistic thermodynamics. Three examples 
may now be given to illustrate both the essential 
novelty and the inherent rationality of the conse¬ 
quences of relativistic thermodynamics. 

(rt) Temperature Gradient in Gravitational Field. 
In the classical thermodynamics we have become ac¬ 
customed to the conclusion that a system which is in/ 
thermal equilibrium will necessarily have uniforml 


temperature throughout. As a result of relativistic 
thermodynamics, however, it is found that this con¬ 
clusion must be modified in the presence of appreciable 
gravitational fields. Thus if we consider a spherical 
distribution of material held together in static equilib¬ 
rium by its own gravitational forces, corresponding 
to the line element, 

dR* = -e»* + (23) 

where p and v are functions of r alone, it can be 
shown® that the condition for thermal equilibrium r 
given by 

d log dv 

dr 

where T^ the proper temperature as measu" 
local observer decreases as we go outward 
remaining constant. And for the more * 
case of a system, not necessarily hr 
« Tolman, Phys. Rev.f 35: 906, 1930. 
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symmetry, but corresponding to the more general line 
element 


d8^i:gt,d^*dxl + g„df (1,0 = 1,2,3) (25) 

where g|j and are independent of t, it has been 
shown by Professor Ehrenfest and myself® that the 
condition for thermal equilibrium would be given by 
a constant value throughout the system for the 
product 

TeVg« = const (26) 

rather than for the proper temperature itself. 

From an observational point of view, this new con¬ 
clusion may not be very important, since the change 
in temperature with position would only be 


dlog T 
dr 


= 10^” cm"' 


(27) 


in a gravitational field having the intensity of that 
at the earth’s surface. From a theoretical point of 
view it is of interest, however, in leading to a modifi¬ 
cation of one of the most cherished results of the 
classical thermodynamics. 

It should be emphasized, nevertheless, that this 
modification is entirely reasonable from the point of 
view of relativity. In accordance with that theory 
ail forms of energy have mass and weight, and it is 
hence indeed not surprising that a temperature 
gradient is necessary to prevent the flow of heat from 
regions of higher to those of lower gravitational 
potential when thermal equilibrium has been reached. 
Furthermore, since the pressure of black-body radia¬ 
tion in equilibrium with a thermal system would evi¬ 
dently have to increase as we go to lower gravitational 
levels, in order to support the weight of radiation 
above, we can also see from purely mechanical con¬ 
siderations that temperature must increase with depth. 

(b) Possibility for Reversible Processes at a Finite 
Rate. To turn to a second example, we have long 
been accustomed to believe as a result of the classical 
theory that reversible thermodynamic processes taking 
place at a finite rate could never occur in nature, 
since a finite rate of change would make it impossible 
to achieve that maximum efficiency which would .per¬ 
mit a restoration both of the system and its surround¬ 
ings to their original states. 

To illustrate this we may consider a fluid contained 
'tt a cylinder with non-conducting walls and provided 

*th a piston as shown in Fig. 1. The reversible ex- 



Fig. 1. Classical cylinder 
Ehrenfest, Phya. Rev,, 36 ■ 1791, 1930. 


pansion of this flnid with the piston moving cat at a 
fifiUe rate would evidently be impossible) in the first 
place since there would be friction between the piston 
and the walls, and in the second place since the fluid 
in flowing in behind the moving piston would not be 
able to maintain as high a pressure and hence do as 
much external work as at an infinitesimal rate of 
expansion. It has hence been concluded in the past 
that the reversible expansion of a fluid at a finite rate 
would under all circumstances be impossible. 

In relativistic thermodynamics, nevertheless, this 
situation is altered in an important manner by new 
possibilities for changes to take place in the proper 
volume of an element of fluid, because of changes in 
the gravitational potentials which were neglected in 
the older theory. To illustrate this, Fig, 2 attempts 



Fig. 2. Bolativktic non-statle universe 

to give a symbolic two-dimensional representation of 
the spaoe-like coordinates, corresponding to the line 
element 

ds*=-._i!!^_(dr> + t*d,* + r*8ia#d,^*)+df (28) 

which obaraoterizes the homogeneous distribution of 
fluid, that we usually call a non-static model of the 
universe. These coordinates are so seleirted that any 
element of fluid lying in a given coordinate range 
fir fi^ fi0 will remain permanently therein. The 
proper volume of such an element of the fluid as mea¬ 
sured by a local observer will then be 

el Id) 

ftV* = ri Bin $ fir fia fi,^ ( 20 ) 

and this will change with the time t at a finite rate on 
account of the occurrence of the function g(t) in the 
gravitational potentials and hence also in the expres¬ 
sion for proper volume. 

These changes in proper volume take plaee) how¬ 
ever, in the first place quite obvious^ without any 
friction of moving parts, and in the second place with 
a perfect balance between internal and external pres¬ 
sures owing to the uniformity of conditions through¬ 
out the fluid. Thus the two sources of irreversibility 
in the previous classical illustration are complete^ 
j eliminated, Furthermori^ there can be no irrevemilde 
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haat flow in the model under oonsideration, again 
owing to the uniform conditions throughout the fluid 
and the possibility of irrerersible processes within 
each element of the fluid can be eliminated by the 
choice of a sufficiently simple substance. As a eonse* 
quenoe it has proved possible to construct conceptual 
models of this kind^® which can expand or contract 
at a finite rote, and nevertheless satisfy the relativistic 
condition for reversibility by maintaining the sign of 
equality inst^ead of inequality in the simple expression 

(30) 

which results from the application of the general form 
of the relativistic second law (19) to the present case. 

This possibility for reversible thermodynamic proc¬ 
esses taking place at a finite rate seems very strange 
from the point of view of the classical thermody¬ 
namics. Nevertheless, from the relativistic point of 
view the result seems both rational and, indeed, per¬ 
haps inevitable, when we recall that the principles of 
relativistic mechanics alone, without bothering about 
thermodynamics, have been found sufficient to show^^ 
the possibility of constructing models of the kind in 
question, which—when filled with such simple fluids 
as a perfect monatomic gas or black-body radiation— 
would expand at a finite rate to an upper limit and 
then precisely retrace their steps to their original 
density, pressure and temperature. 

(c) Possibility for Irreversible Processes without 
Beaching a Final State of Maximum Entropy. As a 
final example of the differences between classical and 
relativistic tbennodynamics, let us now turn to the 
classical conclusion that the ultimate result of irre¬ 
versible processes taking place in a system having no 
interaction with its surroundings would necessarily be 
a state of maximum entropy where further change 
would be impossible. 

To illustrate the classical reasons for belief in this 
principle, let us consider a simple homogeneous system 
consisting of a gas of uniform pressure, tmperature, 
and composition throughout. The state of such a 
system can be specified by its energy E, volume v, 
and the number of rools N^, N,, etc., of the different 
ebemioal substances which it contains; and in accord¬ 
ance with a fnndamental expression, provided by the 
work of Gibbs himself,its entropy can then be deter¬ 
mined with the help of the general equation 

dSs^+i|dv+ dN,+ (^)dN, + . . . (31) 

Id Tolau, Pkv«. £cv., 87: 1639, 1931; ibid., 88: 797, 
1981. 

Shnstein, BerL Ber, (1933L) p. 235: Tglman, Phys. 
Bee,, 881 X758, 1931. 

uAllowhur for the difference in notation and form, 
iqaattos (81) is equivalent to the fundamental equation ( 
im) given in the ‘^OoHeeted Works of Gibbs.” Vol. I, i 
^ ^ 88. Iioi^inansi Green and Company, 1928. 


In applying this expression, however, to the special 
case of a system having no interaction with its sur¬ 
roundings, it was necessary in the classical thermo¬ 
dynamics to take the energy change dE equal to zero 
to agree with the classical principle of energy conser¬ 
vation. It was also necessary, for a system having 
no interaction with its surroundings, to take either 
the volume-change dv equal to zero or the pressure p 
itself equal to zero to prevent the performance of 
work on the surroundings. In both coses the only 
chance for entropy increase and hence for change 
would then lie in the readjustment of chemical com¬ 
position. At constant energy and volume, moreover, 
this would have to cease when the entropy reached the 
maximum possible value compatible with the fixed 
value of energy and volume; while at constant energy 
and zero pressure the gas would be infinitely dilute 
and a final state of maximum entropy would be 
reached when all the molecules of gas had disassoci¬ 
ated into their atoms. 

In the relativistic treatment of this problem, never¬ 
theless, the application of relativistic mechanics alone 
is sufficient to show a very different state of Affairs. 
In the relativistic treatment, the analogue of;4he pre¬ 
ceding homogeneous isolated system will evidently be 
a non-static model of the universe, sinc^ the line 
element for these models corresponds to a completely 
homogeneous distribution of fluid with no interaction 
with anything outside the system itself. By the appli¬ 
cation of relativistic mechanics, however, it has been 
shown by the work of Professor Ward and myself, 
that there is a great class of such models, obtained 
by taking the cosmological constant A equal to zero or 
les% which could apparently undergo a continued suc¬ 
cession of expansions and contractions without ever 
coming to rest. To be sure, the equations that we now 
have available for our highly idealized models are 
only sufficient to describe the expansion of the models 
to their upper limit and return, and not sufficient to 
describe their passage through the exceptional point 
at their lower limit of volume. Nevertheless, on physi¬ 
cal grounds we must be inclined to assume that con¬ 
traction to the lower limit of volume would be fol¬ 
lowed by renewed expansion. 

It is to be specially noted jaow, however, that our 
conclusion as to the possibility of such behavior is 
based, solely on mechanical equations alone and ^ 
quite independent of assumptions as to the reversi" 
ity or irreversibility of any thermodynamic prop 
that may take place in the fluid, although in t' 
of irreversible processes it can be shown the 
rive riepanrions have a tendency to go to ' 
larger volumes before returning. The pr 

nTolmaa, Phys. Bev„ 39: 320, 193f 
Ward, ibid., 39: 835, 1932. 
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provided for an unending succession of irreversible 
expansions and contractions seems very strange from 
the point of view of classical thermodynamics, but can 
nevertheless be shown to be reasonable from the point 
of view of relativistic thermodynamics. 

The application of the relativistic second law to 
these non-static models leads to the general result 

■HT;<‘/*o6V,)£0 (32) 

which states that the proper entropy of each element 
of the fluid as measured by a local observer can only 
remain constant or increase with local time. With a 
fluid of composition simple enough to eliminate the 
possibility for olianges other than in density, we obtain 
the conditions necessary for constant entropy, and are 
led to the reversible expansions and contractions at a 
finite rate previously considered. With a slightly 
more complicated fluid, such as a gas which lends to 
disassociate as the density is lowered, we can obtain the 
irreversible increases in entropy in which we are now 
interested, since the composition of the fluid will then 
lag behind the changes in volume, and the processes 
of disassociation and recombination will always take 
place in the direction of an equilibrium which has not 
been attained. 

From a classical point of view, such a continuous 
irreversible increase in entropy in an isolated system 
which undergoes a never-ending succession of expan¬ 
sions and recontractions to an earlier volume might 
seem impossible, since the energy of tlie isolated b)'s- 
tem would have to remain constant, and with a given 
value of energy and volume there would be a definite, 
maximum possible value of entropy. 

From the relativistic point of view, nevertheless, it 
is easy to see that this continued increase in entropy 
could be made possible by the failure in relativistic 
mechanics of the ordinary principle of energy con¬ 
servation. Indeed the application of relativistic 
mechanics to the models in question leads to the result 

^(P„„6V„) ^ p.J^(6V.)=0 (38) 

which shows tlmt the proper energy fiV,,) of 
each element of fluid in the model will decrease as the 
model expands and increase as it contracts, and since 
the general effect of irreversibility would be to give 
pressures during compression than during the 
^ 'eceding expansion, we are thus provided with the 
^ed mwdianvsm for a gradual increase in proper 
^ and hence also in the proper entropy of the 
^ s of fluid. 

'0 Terence between the classical and relativistic 
can also bo illustrated in a somewhat < 
ItL^uer, if we return to the classical cylinder ‘ 
model of the universe given by Figs. 1 ‘ 


and 2, and consider a continued succession of expan¬ 
sions and contractions, in both cases providing for 
irreversibility by again introducing for example a gas 
which tends to disassociate when the pressure is low¬ 
ered. 

The classical man who is engaged in moving the 
piston of his cylinder successively in and out reports 
that the entropy inside the cylinder is all the time 
getting greater and greater, because the gas can not 
disassociate fast enough on the way out nor reoombine 
fast enough on the way in to maintain equilibrium. 
He also reports, however, that the energy inside his 
cylinder—which is now no longer an isolated system— 
is also getting greater and greater, since the pressure 
has a tendency to be too high to correspond to equi¬ 
librium on compression and too low on expansion, so 
that he does more work on the way in than he gets 
back on the way out. Ho then finally remarks that 
this continued increase in energy indeed provides in 
the case of this non-isolated system on opportunity 
for the entropy to go on increasing forever, but that 
he personally is getting very tired of the silly experi¬ 
ment, and is going to have to stop:—not now because 
the irreversible processes will ever lead to an unsur¬ 
passable maximum of entropy but because he actually 
won't have the necessary energy to push in the piston 
onq time more. 

How different the remarks of the relativistic man 
as he sits calmly by and—in his mind's eye—watches 
his conceptual model expand and contract. ‘‘Yes," 
he says, “I notice that the proper entropy of 
each element of fluid is all the time increasing owing 
to successive processes of disassociation and rseom- 
bination under conditions that do not correspond to 
equilibrium." “I do not worry, however, since I also 
notice that the proper energy of each clement of fluid 
is also increased after a succession of expansions and 
contractions sufficiently to allow for this increase in 
entropy, and I know that the principles of relativistic 
mechanics not only permit such increases in proper 
energy, but indicate—without reference to reversibil¬ 
ity or irreversibility—the continued succession of ex¬ 
pansions and contractions that I observe.” 

This completes the diseusrion of examples illustrat¬ 
ing the kind of conclusions that we may expect from 
the extension of thermodynamics to general relativity. 

(6) Conclusion 

Much remains to be done in the further application 
and development of relativistic thermodynamics. The 
application to systems in which heat flow is taking 
place fi*6m one portion of the fluid to another has 
not yet been undertaken and might lead to interesting 
results. It could be of special importance when we 
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have made more progress in the treatment of non- 
bomogeneous models of the universe which may well 
be necessary for a better understanding of the actual 
universe. The development of relativistic thermody¬ 
namics to include an appropriate treatment of fluc¬ 
tuations might also be attempted with the help of the 
statistical methods introduced by Gibbs himself. The 
effect of fluctuations on the behavior of cosmological 
models might be specially important at certain stages 
of their history. 

In trying to estimate the signiflcance of the appli¬ 
cations of relativistic thermodynamics that have 
already been made, we must not misjudge the nature 
of the two applications to cosmological models that 
were described in the foregoing. It should be empha¬ 
sized that the homogeneous cosmological models which 
we now consider are not only very highly simplified 
and idealized, but at best are constructed to agree 
throughout their entire extent with that small sample 
of the actual universe which lies within the range of 
some 10” light years. Furthermore, it must be remem¬ 
bered that among the different possible kinds of 
homogeneous cosmological model, there is a class 
which would expand never to return as well as the 
class that could undergo an unending succession of 
expansions and contractions; and we do not now have 
sufficient data so that we could assign the actual 
universe to either class. Hence wo must be very 


careful; in extrapolating to the actual universe any 
conclusions that we may draw as to the behavior of 
our conceptual models. 

The dangers of long-range extrapolation were spe¬ 
cially emphasized to you by Professor Bridgman in 
his beautiful Gibbs memorial lecture of last year, and 
these dangers, as we see, are specially present in cos¬ 
mological speculations, based on the observation of a 
small fragment of the total universe for an inappre¬ 
ciable time span. Nevertheless, it certainly seems 
significant that conceptual models of the universe can 
be constructed, which are perimtted by the principles 
of relativistic thermodynamics to exhibit behavior in 
serious conflict with the classical conclusions, that 
reversible processes could never take place at a flnite 
rate, and that the end result of irreversible processes 
would necessarily be a stationary condition of maxi¬ 
mum entropy. Hence at the very least it would now 
seem desirable to extrapolate to a cautious position, 
in which we no longer dogmatically assert that the 
principles of thermodynamics necessarily require a 
universe created at a finite time in the past and fated 
for stagnation and death in the future. Indeed, the 
chief duty and glory of theoretical science is certainly, 
not merely to describe in complicated language those 
facts that are already known, but to extrajiclate—as 
cautiously and wisely as may be—into regions yet 
unexplored but pregnant with human interest. 


ACTIVE IRON 

By Dr. OSKAR BAUDISCH 

DEPARTMENT OF CUEMISTRY, YALE UNIVERSITY 


In the year 1806 the Beigrat Johann Georg Lenz 
named a natural iron oxide hydrate **goethite,” in 
honor of the celebrated naturalist and poet, Johann 
Wolfgang von Goethe. This mineral had already lieen 
known in the literature previously under the name 
ruby mica (Rubingliminer).^ Although comparatively 
rare, it is found in good crystalline fonn in Sicgeii, 
in Westphalia. The splendid crystals, one to two 
millimeters long, indeed resemble rubies in their beau¬ 
tiful color and luster. The crystals or powder made 
from them are non-magnetic, but if one dehydrates the 
powder by heating it a magnetic iron oxide, Fe 20 ^, is 
obtained. This interesting observation was described 
as early as 1838 in the book ‘*GrundzUgo der Miner- 
alogie’^ by Franz von Kobe! (published in Nurnberg 
in 1838). The names ruby mica and goethite are used 
interchangeably for this macro-crystalline brown iron 
ore in tho “Manual of Mineralogy” by Robert Allan 
(Edinburgh, 1834). It is seen, therefore, that his- 

> J. F. L. Hausman, * * Handbuch der Mineralogio, ’' 
06ttiiigen, 1813. 


torically the names ruby mica and goethite properly 
apply to the natural iron oxide hydrate which be¬ 
comes magnetic on heating. 

In the year 1848, Plucker made a magnetic study 
of the natural and artificial iron oxides and oxide 
hydrates, and observed that an iron oxide hydrate 
prepared in a certain way gave a magnetic iron oxide 
on dehydration. He found it almost a hundred times 
stronger magnetically than the original hydrate from 
which it was prepared, and remarked that the pow¬ 
dered material could be picked up by even a small 
horseshoe magnet. Robbins mentioned a magnetic 
iron oxide in Chemical News in the year 1859. 

Malaguti in 1863 {Cample Rendus) published more 
exact chemical and physical data on the properties 
of magnetic iron oxide. He obtained the oxide in 
various ways, as, for example, by explosion of mag¬ 
netite with potassium chlorate and by heating ferrous 
salts of organic acids in the air. In France the mag¬ 
netic iron oxide is also known under the name 
Malaguti-oxide. 
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The fact that this magnetic iron oxide contained 
iron only in its completely oxidised state (ferric), was 
definitely established by Hilpert in 1909. Until this 
time all samples had contained varying amounts of 
incompletely oxidised iron (ferrous). 

To turn again to the iron oxide hydrates, it must 
be noted that our view-points on these important iron 
compounds, which occur so abundantly in nature, have 
been fundamentally changed. Formerly on a basis of 
chemical analysis and superficial characterization, the 
natural iron oxide hydrates were classified as to water 
content. Thus, iron oxides combined with 3, 2, IJ, 1, 
J and 4 molecules of water were classed as separate 
species. These distinctions did not recognize the fact 
that part of the total water present is chemically 
linked and part only absorbed. Consequently, the 
majority of the older chemical formulas assigned to 
iron oxide hydrates are meaningless. 

More exact studies, in particular x-ray analyses, 
have proved that there is only one definite chemical 
combination between iron oxide and water, namely, 
the moriohydrate, FOgO^ • 11^,0. This is known to exist 
in two different modifications, both of which exist in 
nature and may be prepared synthetically. Since the 
oxides prepared by dehydration of the two mono- 
hydrates are genetically related to the natural di¬ 
morphous aluminum oxides, diasporc and bauxite, 
according to a proposal of Haber {Naturwissen- 
Bchaftenf 1925) fhey were named a and y hydrates 
and oxides. This designation has been adopted not 
only by chemists and physicists but by mineralogists 
as well. 

There are two common differences between the 
a and Y hydrates. Each has a distinct x-ray spectrum. 
Also they may be more easily distinguished by their 
magnetic properties. The a hydrates on dehydration 
yield a non-magnetic a oxide (hematite), while the Y 
hydrates yield a strongly magnetic (ferromagnetic) y 
oxide. Since goethite, as we have seen, becomes fer¬ 
romagnetic on dehydration it belongs to the Y hydrate 
class. 

The various natural iron oxide hydrates formerly 
mentioned are merely micro-crystalline aggregates of 
a Fe,0, • II^O (Bdhm, 1928; Albrecht, 1929). The 
differences depend partly on a chemical reaction 
(polymerization) of the molecules, and partly on the 
difference in the arrangement, form and size of the 
crystallites (clusters of sub-microscopic crystals). 
The different shades of (iolor depend mainly on the 
particle size. 

For the more detailed study of the structure (fine 
and hyper-fine structure) which remains to be carried 
out, it is necessary first of all to have pure materials. 
It is important to prepare iron oxide hydrates and 
iron oxid(3s which are free from electrolytes, since such 


impmities may greatly influence the mn^etio luid 
surface properties. This we have succeeded in doing, 
through the use of organic bases, for example, 
pyridine and aniline. The purest obtainable iron, that 
prepared from iron pentacarbonyl, serves as starting 
material. It is dissolved in hydrochloric acid and 
autoxidized in the presence of pyridine to a very pure 
Y iron oxide hydrate, with the study of which we are 
now concerned. This Y hydrate gives on dehydration 
a ferromagnetic ferric oxide which is free from all 
impurities of electrolytes. 

There now remains only to report briefly of the 
progress that has been made with y oxide since the 
work of Hilpert, and how our study in this field has 
brought us to designate the concept “active iron,'' 

The fundamental discovery which led to the intro¬ 
duction of the concept “active iron" into biology was 
that of Wei 0 and Baudisch® concerning the interesting 
and peculiar behavior of ferromagnetic ferric oxide. 
We found that the lattice of ferromagnetic ferric 
oxide, Fe^jOg, is cubic, whereas hematite, is 

rhombohedral, as was already known. The paramag¬ 
netic modification corresponding to hematite is stable, 
while the ferromagnetic modification is unstable and 
can pass over, with loss of energy and loss of ferro¬ 
magnetism, into the stable form. The surprising ob¬ 
servation that magnetite retains its spinel crystal 
structure on oxidation and first passes to the rhombo¬ 
hedral hematite structure on strong heating led us to 
designate the ferromagnetic gamma oxide as “active" 
in contrast to the inactive form corresponding to 
hematite. The strikingly different physical and 
physico-chemical behaviors of these chemically iden¬ 
tical iron oxides led us to compare their biological 
actions. The experiments of Webster and Baudiscb 
showed, in fact, that the two oxides had different 
biological effects. The designation “active iron" 
therefore assumed biological significance. 

Since, in the medical literature, the term “active 
iron” has often been completely distorted and confused 
in relation to and in comparison with the sense in 
which we use it, it seems necessary to include a fur¬ 
ther discussion of the development of the problem. 
The original identification of the two forms of ferric 
oxide (alpha and gamma), became, one might say, 
only an introduction to further study and further 
knowledge of the topochemistry and the magnetic 
properties of iron oxides. The designations “aotive"^ 
and “inactive" had, later, to be expanded and devel¬ 
oped. 

It has been mentioned that by x-ray analysis one 
eon del;^rmine only the type of arrangement, while 
by magnetic measurements one can at least detect 

■ SoiSNCX, 62: 1605, 311-312. 1925. 
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finer stmotural anomalies and consequent surface ir- 
rc^Iarities. We therefore made detailed magnetic 
studies of magnetite and several ferromagnetic iron 
oxides prepared in different ways. This was done, 
as is usual In the study of ferromagnetic materials, 
by taking the magnetization curves for increasing and 
decreasing magnetizing fields; that is, we determined 
the hysteresis loops. The four constants characteristic 
of ferromagnetic materials may be obtained from 
these curves. They are; the permeability (simply 
related to susceptibility), which is a measure of the 
magnetization; the hysteresis loss, which is a measure 
of the resistance to orientation of the elementary 
magnets and hence appears as a transformation of 
electromagnetic energy into heat; the remanence, 
which is the residual magnetization after the field is 
removed, since orientation, when once attained, may 
persist in varying degree; and finally, the coercive 
force, which is the field that must be applied in the 
opposite direction to demagnetize the substance. Both 
remanence and coercive force are secondary features 
of the hysteresis phenomenon. If the hysteresis Josh 
is large, both the remanence and the coercive force 
are large. For example, in steel hysteresis loss, rema¬ 
nence and coercive force are large, while in soft iron 
all three of these quantities are relatively small. 

The result of these studies was that while the sev¬ 
eral oxides differed somewhat as to permeability, they 
differed enormously as to the constants associated with 
hysteresis. But after the several differently prepared 


oxides had been annealed at high temperatures they 
gave nearly the same values for the hysteresis loss, 
remanence and coercive force. It is this fact which 
is the basis for our conclusion that it is the crystal 
quality (lattice perfection and absence of atomic 
deformation) which is markedly affected by changing 
the method of preparation. The magnetic investiga¬ 
tion, therefore, gave us a means of tracing the finer 
structural features whicii occur in regions of too small 
dimensions or are for other reasons not accessible to 
x-ray analysis. In other words, while we can estab¬ 
lish the fine structure of ferromagnetic iron oxides by 
the x-ray, it becomes possible by magnetic analysis 
to establish the existence of a still finer one—a hyper- 
fine structure. 

To these exact physical methods of investigation 
the biological methods joined themselves naturally and 
it was found that the latter were not less but rather 
more sensitive than the magnetic methods to hyperflne 
structural differences. By combination of these meth¬ 
ods one can gain an insight into biological phenomena 
that would otherwise be quite impossible. 

Our investigations, as they have been briefly de¬ 
scribed in the foregoing, have given rise to a whole 
array of researches in the field of the metal oxides, 
especially those of iron. Chemists, physicists, engi¬ 
neers, mineralogists, geologists, pharmacologists and 
medical men have repeated the experiments and sup¬ 
plemented them in various directions, according to 
their particular fields of interest. 


SCIENTIFIC EVENTS 


THE JUNIOR SCIENCE CLUBS OF THE 
AMERICAN INSTITUTE 

Ths Junior Science Clubs of the American Institute 
were the guests, on the morning of March 25, of the 
Museum of Science and Industry and the American 
Museum of Natural History. 

Museum Day was planned by the American Insti¬ 
tute ea a new departure in its program of science 
■educational projects for children. Recently the in¬ 
stitute, a century old organization, has associated hun¬ 
dreds of science clubs made up of young people all 
over the city into its new branch, the Junior Science 
Clubs. The members of these clubs represent some 
seven or eight thousand children, all under eighteen 
years of age. 

The meeting at the Museum of Science and Industry 
was open to all member Physical Science Clubs. The 
group was divided into two sections, one going di¬ 
rectly to the main exhibit hall and one to the mu¬ 
seum theaterr. In the main exhibit hall, Robert P. 
Shaw, of the Museum of Science and Industry, spoke 


on *^The Story of Electricity.” The hall was dark¬ 
ened and a spotlight was thrown on the various ex¬ 
hibits as they illustrated Mr. Shaw's talk. In the 
museum theater, the second group was shown the 
following series of science motion pictures; “The 
Romance of Power”; “Dynamic America”; “A, B. C. 
of Electricity,” and “Finding His Voice.” The grouj^s 
then changed places and the program was repeated. 

To the American Museum of Natural History meet¬ 
ing members of the Biological Science Clubs were 
invited. 

At the meeting at the mu^um Paul B. Mann, chair¬ 
man of the department of biology of Evander Childs 
High School, spoke on “The Museum's Part in Ex¬ 
ploration,” illustrated with motion pictures taken by 
Roy Chapman Andrews. 

The group was then broken up into five sections, 
each of which visited one of the various museum trails, 
Metfibers of the museum's staff were stationed in the 
different halls, where they gave short talks on the con¬ 
tents of each. The children then, under the guidance 
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of the&e staff members, spent the rest of the morning 
inspecting the Darwin Hal], Insect Ilall, Mammal 
Hull, Bird Hall and Fish Hall. 

THE SIXTH ANNUAL SUMMER SYMPOSIUM 
IN THEORETICAL PHYSICS AT THE 
UNIVERSITY OF MICHIGAN 

In the suimner of 1923, the University of Michigan 
invited Professor Karl T. Compton of Princeton Uni¬ 
versity and Professor F. A. Saunders of Harvard 
University to give special lectures during the Hum¬ 
mer session. These lectures initiated a policy which 
has be<m maintained ever since. For the first five 
years the subjects covered by the lecturers were 
primarily in the field of experimental physics, but 
beginning with the session of 1928, a symposium in 
theoretical physics was inaugurated, and since that 
date the visiting lecturers have treated theoretical 
subjects exclusively. An examination of the list of 
lecturers discloses the fact that many of the foremost 
physicists of America and Piurope have appeared on 
these summer programs. Particularly in recent years 
these meetingfi have attracted not only advanced stu¬ 
dents but also members of other university and col¬ 
lege faculties, and rohcarch physicists from govern¬ 
mental and industrial laboratories. The summer is 
apparently the only time that such men can attend, 
and the course of eight weeks is sufllciently long to 
give a very adequate treatment either of an intro¬ 
ductory course in modern theoretical physics or of a 
very advanced one covering perhaps material receiv¬ 
ing its first public presentation. In addition to the 
regular lecture courses there are numerous informal 
meetings of groups limited to those interested in spe¬ 
cial problems. 

The sixth symposium will be held between the dates 
June 2C and August 18. In the first or second week 
of this period Professor Niels Bohr of Copenhagen 
will give several lectures on “The Foundations of 
Atomic Mechanics.” Professor Enrico Fermi of 
Rome will lecture throughout the eight weeks of the 
session on “The Structure of the Atomic Nucleus.” 
Following Professor Bohr^s lectures Professor J. H. 
Van Vleck of Wisconsin will lecture for four weeks 
on “The Recent Developments in the Theory of Mag¬ 
netism.” Professor G. E. Uhlenbeck of Michigan 
will give a course on “Quantum Mechanics” and Pro¬ 
fessor D. M. Dennison of Michigan a course on “The 
Theory of Band Spectra.” Both of these last courses 
will be given throughout the summer. The informal 
seminars which meet several times weekly will be 
under the general supervision of Professors Fermi 
and Van Vlock. Holders of doctors degrees may at¬ 
tend all lectures, courses and seminars as guests of 
the university. 

In addition to the symposium lectures the depart¬ 
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ment of physics offers its regular advanced oouroes. 
Facilities for experimental research are available, 
particularly in spectroscopy in the fields of x-rays, 
ultra violet, visible, near and far infra-red, in sound, 
in electronics and in vacuum tube phenomena, 

CONFERENCE ON RECENT DEVELOP¬ 
MENTS IN CHEMISTRY AT THE JOHNS 
HOPKINS UNIVERSITY 

The Johns Hopkins University will this summer 
conduct a second conference on recent developments 
in chemistry in conjunction with the regular summer 
session at the institution. 

The conference will be divided into five consecutive 
sessions of one week each, hJach week will be devoted 
to one phase of chemical progress, and will include 
lectures by men known in that particular field. 

“Organic Chemistry Related to Medicine” will be 
the subject of discussion during the week of June 26, 
and speakers from the Johns Hopkins School of Medi¬ 
cine and from outside institutions will present various 
phases of the work. E. Emmot Reid and G. H, 
Corwin will have charge of the week^s program. On 
June 26, Hugh Young, Justina Hill, Fitzgerald Dun¬ 
ning, Edwin C. White and W. C. Harden will deal 
with the general subject of “Antiseptics.” On June 
27, “Oxidation and Reduction” will be discussed by 
E. Emmet Reid, Leslie Hellerman and G. H, Corwin. 

Gordon M. Dean and Hans Jensen will be the 
speakers on June 28, presenting phases of the topic, 
“Insulin and Proteins.” A sound film, “Some Bio¬ 
chemical, Pharmacological and Medical Experiences 
as Told to Chemists,” by Dr, John J. Abel, will be 
shown in tlie evening of that day. On June 29 Joseph 
C. Bloodgood will preside over a program devoted to 
“Chemistry and Physics in Cancer.” The speakers 
will include Dr. Bloodgood, Charles F. Gesohickter, 
E. A. Peterson, Dudley Jackson, Curtis Burnam, 
M, A. Tuve, Carl Voegtlin, Warren H. Lewis, Mar¬ 
garet Lewis and George Otto Gey. Motion pictures 
related to the subject of cancer will be presented in 
the evening, June 30 will be devoted to “Chemo¬ 
therapy,” aspects of which will be discussed by Hugh 
Young, Justina Hill and David I. Maoht. 

During the week of July 3, Joseph E. Mayer 
will preside over a program devoted to “Physical 
Treatment of Molecular Binding.” The speakers for 
the week, in the order in which they will present 
their disousisons, are Dr. Mayer, Maurice L. Hug¬ 
gins, Hugh M. Smallwood, Henry Eyring and Saul 
Dushman. “X-rays and Structure of Matter” will be 
the general topic for the week of July 10. Emil Ott 
wRl preside, and speakers for the wedk will include 
Ralph W. G. Wyckoff, Maurice L. Huggins and Dr,, 
Ott. For the week of July 17, a topic of especial 
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interest to physiciste has been seleeted. “The Appli¬ 
cation of Optical Methods and Instruments to Chem¬ 
ical Research” will be discussed, A. Herman Pfund 
presiding over the week’s program. The speakers 
will be Dr. Pfund, George F. A. Stutz, H. E. Merwin 
and Ralph H. Muller. 

The final week will be devoted to the subject of 
“Catalysis.” J. C. W. Frazer will bo chairman of 
the program for the week of July 24, and the speakers 
for the conference will include Paul Hugh Emmett, 
Dr. Frazer, Arthur F. Benton, J. A. Becker and 
Herbert G; Tanner. 

Those interested in the conferences may register for 
the full five weeks, or for any part of the program 
that attracts them. Cottages on the shore of the 
Chesapeake Bay, within cf>mmuting distance of the 
univei'sity, are available for those who wish to com¬ 
bine a summer vacation with scientific study and 
discussion. 

IN HONOR OF DR. ELIHU THOMSON 

According to the final plans for the dinner held at 
the Massachusetts Institute of Technology on March 
29, leaders in science, engineering and education paid 
tribute to Dr. Elihu Thomson, dean of electrical engi¬ 
neers and inventor, on his eightieth birthday. 

A correspondent writes; “Within the span of four 
score years Dr. Thomson, a pioneer in electrical sci¬ 
ence, has witnessed and played an important part in 
the development of the country’s great electrical in¬ 
dustry. Ho is the last of the magnificent *big four,’ 
Thomas A. Edison, Charles F. Brush and James J. 
Wood. Three of them gave the peoy)le electric light¬ 
ing systems, Edison invented the incandescent lamp. 
To-day Dr. Thomson is the fiast of the first,’ with 
more than seven hundred United States patents to his 
credit. From 1920 to 1922 Dr. Thomson was acting 
president of the Massachusetts Institute of Tech¬ 
nology. He is a life member of its corporation and a 
non-resident professor of applied electricity.” 

On the afternoon of Dr. Thomson’s birthday there 
was a conference at which brief lectures on the histori¬ 
cal development of the applications of electricity, mod¬ 
em theories and the present trends of research were 
presented. According to the program, President Karl 
T. Compton, of the Massachusetts Institute of Tech- 
nology, discussed the historical aspects of electricity 


with particular reference to Dr. Thomson’s achieve¬ 
ments in this field. Dr. John C. Slater, head of the 
institute’s department of physics, discussed modem 
theories of electricity, and Dr. K. K. Darrow, research 
physicist at the Bell Telephone Laboratories, spoke on 
the trends of modem research. 

As part of this celebration, many models and some 
of the originals of Dr. Thomson’s most significant 
inventions were on exhibition. This exhibition was 
open to guests on Wednesday, continuing for the 
public from Thursday to Sunday, from 2 to 5 p. M. 
The models included the frictional electrical machine 
made from a discarded wine bottle by Dr. Thomson 
when he was eleven years old, and a dynamo invented 
in 1878, which has all the essentials of the great mod¬ 
em generators. Many early types of the arc lamps 
designed by Dr. Thomson and his colleague, Professor 
E. J. IlousUm, are shown. One of the most signifi¬ 
cant exhibits was the Thomson recording wattmeter, 
forerunner of the 30,000,000 meters now installed in 
homes, factories and stores to record the amount of 
energy consumed. There wore shown early types of 
lightning arresters, as well as Dr. Thomson’s first elec¬ 
trical resists nee welding transformer, a method which 
is now universally used in almost every branch of 
manufacturing. 

It was expected that President Karl T. Compton 
would preside at the dinner, at which Governor Joseph 
B. Ely, of Mussacluisetts, would voice the tribute of 
the people of Mussacliusetts to Dr. Thomson. George 
B. Cortelyou, president of the Consolidated Gas Com¬ 
pany of New York, was expected to speak for the 
electrical industries and Dr. Harry P. Charleswrth, 
president of the American Institute of Electrical En¬ 
gineers, in the name of the engineering societies, to 
pay honor to the inventor. The tribute of educational 
institutions, many of which had bestow'ed upon Dr. 
Thomson their highest academic honors, was to be 
given by Dr. Vannevar Bush, vice-president of the 
institute and dean of engineering. Other speakers 
announced were Dr. Harvey Cushing, of Harvard 
University, who represented professions other than 
engineering, and Mr. E. W. Rice, Jr., honorary chair¬ 
man of the board of the General Electric Company, its 
former president, and one of Dr. Thomson’s earliest 
associates in the electrical industry in Jjynn, for his 
friends and colleagues. 


SCIENTIFIC NOTES AND NEWS 


Dh. William H. Welch, whose eighty-third birth¬ 
day occurred on April 8, has been confined to the 
Brady Clinic of the Johns Hopkins Hospital since 
February 1. It is announced that there is a slow im¬ 
provement in his condition. 


Dr. Theobald Smith, of the department of animal 
pathology, Rockefeller Institute for Medical Research, 
Princeton, New Jersey, will deliver the Thayer Lec¬ 
tures at the Johns Hopkins Medical School on April 
5, 6 and 7. 



Prosvssor Arthur H. Compton, of the University 
of Chicago, will direct courses in ^'Electricity and 
Magnetism” and on "X-Rays and Electrons” during 
the suznmcr session of Columbia University. 

At a dinner in celebration of the seventy-fifth an¬ 
niversary of the Pathological Society of Philadelphia 
on March 9, honorary membership was conferred on 
Drs. Harvey Cushing and Frank B. Mallory, of the 
Harvard Medical School; on Dr. James Ewing, of 
Memorial Hospital, New York, and Dr. Karl Land- 
flteiner, of the Rockefeller Institute. Dr. Fielding H. 
Garrison, of tlie Johns Hopkins University, and Dr. 
David Riesman, of the University of Pennsylvania, 
were the principal speakers. 

Dr. Fritz von Wettstbin, professor of botany at 
Munich, has been elected a member of the Bavarian 
Academy of Sciences. Corresponding members have 
been elected as follows: Dr. Franz Meyer, professor 
of mathematics at Kbnigsberg; Dr. Kurt Hensel, pro¬ 
fessor of mathematics at Marburg; Dr. Paul Quth- 
nick, professor of astronomy at Berlin, and Professor 
Hans Ludendorff, director of the Astrophysical Ob¬ 
servatory at Potsdam. 

The Royal Aeronautical Society has awarded its 
gold medal to Sir Richard Glazebrook, from 1899 to 
1919 director of the British National Physical Labo¬ 
ratory. This medal has been awarded six times previ¬ 
ously: to the Wright brothers, Octave Chanute, Pro¬ 
fessor Bryan, E. T. Busk, Professor Lanchester and 
Professor L. Prandtl. Sir Richard Glazebrook has 
been chairman of the Aeronautical Research Com¬ 
mittee since its formation as the Advisory Conunitte© 
for Aeronautics in 1909. He is retiring from the 
position next month. 

At the fifty-fifth annual general meeting of the 
Institute of Chemistry, held in London on March 1, 
the Meldola Medal was presented to Dr. Leslie Ernest 
Sutton, of Oxford, and the Sir Edward Frankland 
Medal and Prize to Dr. Leslie Young, of the Royal 
College of Science. Dr. Jocelyn Field Thorpe, pro¬ 
fessor of organic chemistry in the Imperial College 
of Science and Technology, London, was elected presi¬ 
dent in succession to Dr. G. C. Clayton, director of 
Imperial Chemical Industries. 

Dr. William Bowie, chief of the divison of geod¬ 
esy, U. S. Coast and Geodetic Survey, was reelected 
honorary i)re8ident of the Pan-American Institute of 
Geography and History at the congress held last De¬ 
cember in Rio de Janeiro, Brazil 

The officers of the Harvey Society for 1933-34 are 
oa follows: President, Alfred F. Hess; Vice-presi¬ 
dent, R. Keith Cannan; Treasurer, T. M. Rivers; jS>c- 
retary, Edgar Stillman; Council, S. R. Benedict, 
Robert F. Loeb and Wade H. Brown. 


Dr. Arthur B. Lamb, president of the AmerieRR 
Ghemical Society, was the speaker at a luncheon meet¬ 
ing of the writers of abstracts and the assistant edi¬ 
tors of Chemical Abstracts on March 28. Dr. Charles 
E. Munroe, who was honorary chairman of the Wash¬ 
ington meeting of the American Chemical Society and 
who has served as an assistant editor of Chemical Ab¬ 
stracts since its beginning in 1907, was also a gruest 
of honor. 

Dr. Charles Frederick Roos, formerly assistant 
professor of mathematics at Cornell University and 
later permanent secretary of the American Associa¬ 
tion for the Advancement of Science, has been 
awarded a Guggenheim fellowship. He plans to 
write a book on dynamical economics in consultation 
with European scholars. 

Dr. A. R. Mooee, research professor of general 
physiology, University of Oregon, sailed from San 
Francisco for Japan on March 24, to spend a year 
as visiting professor of biology in the Tohoku Im¬ 
perial University at Sendai. He will be in the Bio¬ 
logical Institute of the university, the director of 
which is Professor Shinkishi Hatai. The visiting pro¬ 
fessorship is maintained by the Rockefeller Founda¬ 
tion. 

Processor J. Proudman has been appointed to the 
chair of oceanography at the University of Liverpool, 
vacant through the death of Professor J. Johnstone. 

Herbert L. Davis, for the past four years a Heck- 
schor research assistant to Professor W. D. Bancroft 
at Cornell University, has been appointed assistant 
professor of chemistry at Westminster College, New 
Wilmington, Pennsylvania. 

Dr. Cornelia T. Snell has left the Fifth Avenue 
Hospital to take a position at the College of Phy¬ 
sicians and Surgeons of Columbia University. She 
will work with Drs. T. F. Zucker and Benjamin Berg 
in connection with their studies of diabetes. 

Processor Ralph J. Foao, formerly head of the 
department of civil engineering at Lehigh University, 
is serving as a technical expert under the National 
Transportation Committee. 

De. Otto Appel, director of the Federal Biological 
Experiment Station at Berlin, Germany, will visit the 
Wiseonsin potato sections this summer following his 
visit to the Century of Progress Exposition in 
Chicago. 

Dr. R. E. Coker, professor of zoology at the Uni¬ 
versity of North Carolina, who is on leave of absence 
from the university on the Kenan Foundation during 
1932-33, is working at the University of Paris. 

A PAPER by Dr. M. A. Tuve and L. B. 

"Atomic Nuclear Studies at Hxp 
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‘ ten^ml was presented before the Phi¬ 

losophical Society of Washington on March 25. 

Mb. John Ri^i Manning^ in charge of technologi¬ 
cal investigations, Bureau of Fisheries, Washington, 
addressed the Alpha Mu chapter of Tri Beta at West¬ 
ern Maryland College on March 21, on '^The Nutri¬ 
tional Value of Marine Products." 

Profbsbor Jambs Wbstfall Thompson addressed 
the History of Science Club at the University of Cali- 
fomia in Berkeley on March 3 on German science in 
the fourteenth and fifteenth centuries, giving a pres¬ 
entation of the mathematical achievements and the 
interconnections of Jordanus Nemorarina, Georg 
Purbach, Regiomontanus and Cardinal Nicholas of 
Cusa. 

The Bruce-Prellor lecture of the Royal Society of 
Edinburgh will 'be delivered by Professor C. H. Lan¬ 
der, on October 23. His subject will be ^‘The Utiliza¬ 
tion of Coal.” 

A SYMPOSIUM on the utilization of coal, arranged by 
the British Science Guild, was held on March 27 at 
the Royal Institution under the chairmanship of Mr. 
H. T. Tizard. The speakers included Captain B. Ac- 
worth, 8. Lacey, Eng.-Rear-Admiral W. Scott Hill 
and A. C. Hardy. The discussion was opened by Dr. 
0. M. W. Sprague. 

During February and March the following visitors 
gave clinics at the Duke Hospital of the Duke Uni¬ 
versity School of Medicine: Dr. Addison Q. Brenizer, 
of Charlotte, on ‘*The Evolution of Thyroidectomy”; 
Dr. Hugh Trout, of the Jefferson Hospital, Roanoke, 
on *The Surgical Treatment of Pulmonary Tubercu¬ 
losis”; Dr. W. W. S, Butler, Jr., of the Jefferson 
Hospital, Roanoke, on “Transurethral Resection of 
Prostate”; Dr. Thomas M. Rivers, of the Hospital of 
the Rockefeller Institute, on “Filterable Viruses in 
Relation to the Practise of Medicine”; Dr. B. C, 
Willis, of the Boyoe-Willis Clinic, Rocky Mount, 
North Carolina, on “Perforated Wounds of the Ab¬ 
domen.” 

The fifth lecture to the faculty and students of the 
School of Medicine, the George Washington Univer¬ 
sity, on the Smith-Eeod-Rusaell Society series was 
given on March 10 by Dr. Maurice C. Hall, chief of 
the Zoological Division of the Bureau of Animal In¬ 
dustry, U. S. Department of Agriculture. Dr, HaiFs 
sobjeot was “Drama Anthelniinticsu” The next lecture 
in this series, to be given on April 6, by Dr. William 
H. Howell, chairman of the National Research Coun¬ 
cil, is entitled “Recollections of a Physiologist during 
the Past Half Century.” The regular faculty seminar 
for March was given by Professor Charles S. White, 
; pi the department of surgery, who spoke on “Chronic 
Vleer in ChUdhood ” 


Db. Bronislaw I^Ialinowski, professor of anthro^ 
pology in the School of Economics of the University 
of London, gave a series of lectures on the Messenger 
Foundation at Cornell University during March on 
“The Development of Culture: an Enquiry into the 
Function, Origins and Evolution of Human Be¬ 
liefs, Customs and Social Organization.” The Mes¬ 
senger lectures on the evolution of civilization were 
inaugurated in 1925, the first lecturer being Professor 
James H. Breasted, whose subject was the origins of 
civilizatiCn. Other lecturers have been Robert A. 
Millikan, H. J. C. Grierson, Thomas F. Tout, Ed¬ 
ward L, Thorndike, Roscoe Pound, Thomas H. Mor¬ 
gan and Frank Jewett Mather, Jr. 

The Rutgers University chapter of Sigma Xi 
adopted last year the plan of having monthly lec¬ 
tures, sometimes by members of the university fac¬ 
ulty, describing their own research work, and some¬ 
times by visitors. The same plan has been in effect 
this year, and the complete program is as follows: 
October, Dr. S. A. Waksman, New Jersey Agricul¬ 
tural Experiment Station, “Humus”; November, Dr. 
Hugh S. Taylor, Princeton University, “The Concept 
of Speed in Chemical Reactions”; December, Dr. T. 
C. Nelson, Rutgers University, “A Comparative Study 
of the Feeding Mechanism of American and European 
Oysters”; January, Dr. J. W. Shive, New Jersey 
Agricultural Experiment Station, “The Role of Iron 
in Plan-ta”; February, Dr, C. G. Abbot, Smithsonian 
Institution, “The Sun”; March, Dr. T. J. Headlee^ 
Rutgers University, “Some Effects of High Frequency 
Electrostatic Fields on Insects”; April, Dr. Homer 
W, Smith, New York University Hospital, “The 
Physiological Evolution of the Kidney.” 

Public lectures to he given on Saturday at 3:30 
p. M. at the New York Botanical Garden are as fol¬ 
lows: “Spring Wild Flowers,” Dr. John Hendley 
Barnhart, bibliographer and administrative assistant; 
“Floral and Scenic Features of the Bahamas,” Dr. 
Marshall A. Howe, assistant director; “Minute Mar¬ 
vels of Aquatic Life,” Mr. Robert Hagelstein, honor¬ 
ary curator of Myxomycetos; “Sex in the Fungi ” Dr. 
B. O. Dodge, plant pathologist; “Variegated Plants,” 
Dr. A. B, Stout, director of the laboratories; “Floral 
and Soenio Features of Porto Rico,” Dr. H. A. Glea¬ 
son, head curator; “Travels-through the Mountains of 
Colorado, Wyoming and South Dakota,” Dr. Fred J. 
Seaver, curator; “A Trip to the Philippines,” Dr. 
Elmer D. Merrill, director-in-chief; *Tifushrooms,” 
Dr. William S. Thomas, physician. 

Thb one hundred eighty-fourth regular meeting‘of 
the Anaferioan Physical Society will be held in Wash¬ 
ington on April 27, 28 and 29. The Thursday and Fri¬ 
day seasions will be held at the Bureau of Standards 
and the Saturday sessions at the National Academy 
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oomprehensive mvestigations, covermg a wide range 
of both plants and animals, appear to make it clear 
that the side-by-side pairs are invariably present in 
the primary meiotic division. Tradeacantia virginica 
presents no exception in this respect. Although the 
profile view of the metaphase seems to show the con¬ 
trasting ring and rod bivalents» the polar aspect, 
which appears to have been neglected by other inves¬ 
tigators, makes it clear that the two are identical and 
only represent the face and lateral views of identical 
structures. 

Further, in T, virginica, the so-called zygotene or 
zygonema phase can always be seen at the appropriate 
stage. Since this stage is properly regarded as the 
precursor of the side-by-side bivalents (the so-called 
parasynaptic mates), its presence automatically ex¬ 
cludes the possibility of end-to-end pairs of chromo¬ 
somes (telosynaptio mates). There is thus an addi¬ 
tional reason for regarding all the chromosome pairs 
of T. virginica as side-by-side mates and none of 
them as end-to-end mates. Following a sound prac¬ 
tise in cytology and transferring these results to the 
interpretation of the less clear conditions presented 
by the genus Rheo and certain species of Oenothera, 
it becomes obvious that the pairs of consecutive 
homologous segments present in the persistent 
spireme in these cases in reality represent so-called 
parasynaptic bivalents, strung out in a longitudinal 
series. Thus, if we were to arrange the vertically 
elongated bivalents found at metaphase in Allium or 
Lilium end to end they would accurately correspond 
to the strings of chromosomes found in the three 
genera as discussed in the present connection. 

E. C. Jefpuey 

LOCAL ELECTRIC ANESTHESIA 

In the issue of Science for February 24, 1933, is 
an interesting article, “A Method of Outlining 
Cutaneous Nerve Areas,'^ by Professor Thompson and 
Dr. Inman, of the University of California, in which 
an important use of anesthesia from an alternating 
current is described and discussed. 

During the summer of 1892 I worked with A. E. 
Kennelly, chief electrician of the Edison Laboratory 
at Orange (later professor of electrodynamics at 
Harvard), studying the effects of alternating currents 
and the huge magnets there upon the human body. 
Professor Kennelly and I published a paper on “Some 
Physiological Experiments with Magnets at the Edi¬ 
son Laboratory.”^ 

We noted that summer that anesthesia and 
analgesia could be produced by alternating currents 
above 2,000 vibrations, though this was not alluded 
to in the paper mentioned. 

iNeu) Tork Medieal Journal, Ixi; 729^782. 1892, 


However, in an article* of mine in the Amofictm 
Medical and Surgical BuUetin appeared the follow¬ 
ing paragraphs, which 1 have just copied from the 
Bulletin at the Academy of Medicine Library: 

Several years ago Mr. Kennelly and I experimented at 
the Edison Laboratory with the sinusoidal current. The 
results of these experiments have never been made public, 
for lack of time, until the present moment. We estab¬ 
lished one singular and interesting fact, which is of 
tlierapeutic value, and which I will detail here. The 
experiments were tried upon Mr. Kennelly, Dr. Charles 
E. Atwood, one of the assistants at the Vanderbilt Clinic, 
who kindly aided me, and upon myself. The same re¬ 
sults were obtained in each of us. Applying one pole to 
a nerve trunk, say at the wrist, and another at an in¬ 
different point, there were no perceptible effects as long 
as the vibrations were bolow 2000 per second. When we 
reached that point the parts supplied by the nerve be¬ 
neath the pole became anaesthetic, so that pricking with 
a needle or knife, or touching the part, was not per¬ 
ceived. Both the anaesthesia and analgesia were so 
marked that an incision might have been made without 
the consciousness of the individual operated upon. The 
higher the rate of vibration the more noteworthy was this 
effect. Our apparatus did not permit of our going be¬ 
yond 3000 vibrations per second. * * • The return of 
sensibility was instantaneous on interruption of the elec¬ 
tric current. Doubtless small operations might be per-' 
formed by this new method of local anaesthesia. As yet 
the procedure is in its infancy. 

In the autumn of 1892 after this summer work at 
Orange I asked the surgeons in the surgical depart¬ 
ment of the Vanderbilt Clinio to be on the lookout 
for some simple case on which the newly found elec¬ 
tric anesthesia could be tested. I was testing it out 
for various nervous disorders in the Nervous De¬ 
partment of the Vauderbilt Clinic, where I was chief 
of clinic, with Professor Allen Starr. In a few days 
Dr. Peircy Turnure brought in a young woman with 
a painful felon of the left forefinger which was 
exactly suitable for the purpose. The electric 
anesthesia was quickly produced and Dr. Turnure 
lanced the finger tip. The operation was apparently 
painless, though as soon as the current was removed 
sensation returned, with of oourse such pain as would 
be natural after any similar incision. 

So far as 1 know this was the first operation under 
that type of local anesthesia. 

About 1902 Leduc in France began writing articles 
on electrical anesthesia. 

Faimiwos PmoRSOK 

New Toek, N. T. 

SELF-STERILITY IN MEMSSIA 
Several years ago, working hi the greenhouse at ' 
Princeton Univexsity, I undertook to study the genefeie 
Med, and Surg, BuU, ix: 7fi(^S08L 18W. ^ 4 ! 
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laeton ‘wldcb control flower color in plants of the 
genus Nemesm. A packet of seeds, labeled ^'Nemesia 
—^Newton's Glories Atixed,” was obtained from Peter 
Henderson and Co. in New York City, and sixteen 
plants were raised. Comparison with the description 
of this genus in the Flora Capensis seemed to indicate 
that these plants belonged to the species N* strumosa. 

It was desired to obtain seed from self-pollinations 
for the next generation, but every flower which was 
selfed set no seed whatever, and as many as fifteen 
flowers were pollinated on some plants. Some crosses 
between these plants, made at the same time as the 
selflngs, were fertile, proving that both the pollen and 
ovules were functional and that the failure to set 
seed was due to physiological incompatibility, com¬ 
monly called self-sterility. Two families studied in 
the succeeding generation gave the same results, al¬ 
though few intra-family crosses were made. 

In the third generation, three families were studied 
more intensively. In one, ten plants were selfed and 
all proved self-sterile, although one plant exhibited a 
slight tendency to be pseudo-fertile. Seventy-four 
of the ninety possible crosses were made and showed 
that two and only two intra-sterile, inter-fertile groups 
were present, of which one consisted of seven and the 
other of three plants. Ten plants of a second family 
were completely self-sterile when as many as ten 
flowers on a plant were self-pollinated. Fifty-nine 
crosses were made within this family and again two 
groups were found to be present. All crosses behaved 
regularly. In the third family, six plants belonged to 
one intra-sterile, inter-fertile class and six to another 
and all twelve were self-sterile. Only one cross ex¬ 
hibited behavior not in accordance with the general 
trend. Inter-family crosses between the two latter 
families showed that no group was common to both. 
A similar result was noted for the first and third 
families but, unfortunately, I did not cross the first 
two. 

This study is being continued this year to learn 
whether Nemesia behaves like Niootiana and most 
other plants which have been studied with respect to 
self-sterility. 

Hsrbert Faress Riuct 

Bubbby Instttutiok 
Haevabd Univeesitt 

A NEW VASCULAR FU8ARIUM DISEASE 
OF PEAS 

DtmiNG the course of an investigation of pea dis¬ 
eases, particularly of Pusarium wilt, carried on under 
direction of Dr. J. C. Walker, of the Department 
' Plant Pathology, University of Wisconsin, a wilt 
i "^^iaeage possessing many of the characteristic 
«of Fuaarimn wilt, caused by F. orthoceras 


V. ptri but produced by another species of Fusarium, 
has been repeatedly separated from the pea disease 
complex. This disease was first seen in Wisoonsin 
in 1931, and was encountered frequently and found 
to be wide-spread in Wisconsin, Maryland and Dela¬ 
ware during the 1932 season. Specimens were also 
received from New Hampshire, Massachusetts, Idaho 
and Montana. 

The new disease is tentatively referred to as “near¬ 
wilt" because of its close resemblance to the wilt 
disease previously described by Linford.^ As they 
occur in the field and upon plants grown in artificially 
infested soil, the symptoms of the two diseases are 
so similar that it is practically impossible to dif¬ 
ferentiate them by this means. Typically the foliage 
takes on a yellowish cast, the leaflets and stipules be¬ 
come recurved and the stunted plant dies prematurely. 
Usually the vascular elements become brightly stained 
an orange or reddish color some distance up the stem. 

One of the significant features of the new disease 
is that it occurs upon varieties known to be 100 per 
cent, resistant to F. orthoceraa v. pisi. This is of great 
importance to both growers and seedsmen, for it 
means that certain seed stocks sold as resistant to the 
wilt caused by F. orthoceras v. piri may wilt in the 
field because of another fungus. 

Satisfactory diagnoses of these two diseases can 
only be made by culturing the causal fungi. The 
purple pigmentation of the near-wilt Fusarium upon 
certain me^a is useful in distinguishing it from the 
wilt pathogen. Although there is a wide range of 
pigmentation exhibited by the various strains of F. 
orthoceras v. pisi this purple type seldom is ap¬ 
proached. An additional aid in distinguishing them 
IS the abundance of spores, including macroconidia, 
produced by the near-wilt Fusarium, inasmuch as F. 
orthoceras v. pisi produces but few spores in culture 
and these few are microoonidia, with infrequent ex¬ 
ceptions. 

The new disease may be distinguished from 
Pusarium rootrot, caused by F. martii v. pisi, since 
in rootrot a cortical decay of the underground stem 
conspicuously precedes the invasion of the stele, while 
both near-wilt and wilt are primarily diseases of the 
xylem tissue and not of the cortex. Under field con¬ 
ditions diseased plants frequently show both cortical 
and vascular invasion, and efilturing must be used to 
identify the fungi present, F. martii v. pisi is easily 
distinguished in culture from the two vascular 
Fusaria by its masses of blue green spores. 

WiLLUM C, Sntdkb 

DmaiOK OP Plant Pathology, 
vUKxvEasrFY or Caupohnu, Brbksxky 

iM. B. Linford, ‘‘A Fasarium Wilt of Pea in Wis¬ 
consin,” Wis. Agr. Exp. Sta. Bes. Bah S5j^ 44 pp. Ulus. 
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SPECIAL CORRESPONDENCE 


THE ELLA SACHS PLOTZ FOUNDATION FOR 
THE ADVANCEMENT OF SCIENTIFIC 
INVESTIGATION 

Dukino the ninth year of the Ella Sachs Plotz 
Foundation for the Advancement of Scientific Investi¬ 
gation, ninety applications for grants were received 
by the trustees, sixty-five of which came from sixteen 
different countries in Europe, Asia, South and North 
America and Australia, the remaining twenty-five 
coming from the United States. The total number of 
grants made during this year was thirty-three, one 
of these being a continued annual grant. Eighteen 
of the new grants were made to scientists in countries 
outside of the United States. 

In the nine years of its exislence the foundation 
has made 179 grants, and investigators have been 
aided in Argentina, Austria, Belgium, Chile, China, 
Czeclioslovakia, Esthonia, Estland, France, Germany, 
Great Britain, Hungary, Italy, Latvia, Netherlands, 
Palestine, Poland, Portugal, South Africa, Sweden, 
Switzerland, Syria and the United Stales. 

The list of investigators and the purpose of their 
researches aided in the current year is as follows: 

Dr. Z. M. Bacq, Brussels, Belgium, $300 for research 
on problems in relation to the physiology of the sym¬ 
pathetic nervous system. 

Dr. E. T, Bell, University of Minnesota, $500 for con¬ 
tinuation of kidney studies. 

Dr. R. Bossert, Munich, Germany, $400 for continua¬ 
tion of work on cholestorol-crgosterol metabolism. 

Di. Henry Chabanior, Pans, France, $400 for re¬ 
searches to determine the iso-cloclnc points of blood pro¬ 
teins and to do ultrafUtrations of blood. 

Professor Robert diambcrs, New York University, 
$500 for work on problems in kidney secretion. 

Professor Alfred (^anutin, University of Virginia, 
$300 for chemical analysis of blood and tissues in his 
partially nephrectomized rats fed on a variety of diets. 

Dr. Erwin Chargaff, Berlin, Germany, $400 for inves¬ 
tigations dealing with the chemistry of pathogenic bac¬ 
teria, especially lipoids and carbohydrates of acid-fast 
group and of diphtheria bacteria. 

Professor Dr. Herbert KUas, Vienna, Austria, $200 
for continuation of investigations on the globulin and 
albumin contents in sera of patients with nervous dis¬ 
eases. 

Professor Dr. Philipp ElUnger, Diisseldorf, Germany, 
$300 for continuation of work on physiology, pathology 
and pharmacology of the kidney. 

Professor Boris Ephrussi, Paris, Franco, $400 for a 
now method for the mensureinont of rospirolory ex¬ 
changes in tissue-culture cells. 

Dr. Emil Epstein, Vienna, Austria, $300 for study of 
the Neiman-Pick disease and amaurotic idiocy and the 
lipoids of the brain. 


Dr. G. Favilli, Florence, Italy, $300 for continuation 
of research on the relation between undulant fever and 
epizootic abortion. 

Professor Dr. Alfred Fleisch, Tartu-Dorpat, Estland, 
$200 for investigations concerning the adequate stlmulua 
for dilatation of the arterioles during work. 

Professor E. Gollhorn, University of Oregon, $300 for 
continuation of work on the influence of internal socre- 
tions on permeability. 

Dr. R. W. Gerard, University of Chicago, $300 for 
work on the chemical and physical changes in nervous 
tissue during rest »ind activity. 

Dr. David Glusker, Jewish Hospital of Brooklyn, $400 
for study of blood lipids in children. 

Professor Allen 1). Keller, University of Alabama, 
$250 for continuation of research on brain-stem function. 

Dr. Walter P. Kennedy, Edinburgh, Scotland, $300 
for investigation on *‘The Reproductive Endocrine Bal¬ 
ance in tlie Human Female.’' 

Dr. Th. Konschegg, Graz, Austria, $400 for research 
on the relationship of the glandula suprarenals, adre¬ 
nalin and blood pressure. 

Dr. K. A. Krebs, Freiburg, Germany, $350 for con¬ 
tinuation of studies on the breakdown of protein in ani¬ 
mals and on the metabolism involved in the action of 
insulin. 

Professor Wilham deB. MacNider, University of North 
Carolina, $175 for work on nephritis. 

Dr. F. Mainzer, Rostock, Germany, $300 for studies 
of excreted albumin to clear up the physico-chemical 
forerunners of albuminuria. 

Dr. David Marine, Montofioro Hospital, New York 
City, $300 for continuation of an attempt to separate the 
powerful goitrogenic agent present in cabbage. 

Professor C. A. Mills, University of Cincinnati, $200 
for continuation of metabolic experiments. 

Professor H. O. Mosenthal, Now York Post-Graduate 
School, $350 for research on the result of continuous 
infusions of small doses of adrenalin on kidney, blood 
pressure, and peripheral blood vessels as measured by 
temperature. 

Dr, Louis A. Rapkine, Paris, France, $350 for research 
on cell division. 

Dr. William T. Salter, Huntington Memorial Hospi¬ 
tal, Boston, $500 for work on the metabolic changes in 
animals, particularly with regard to the enzymes con¬ 
cerned with protein metabolism and with oxidation. 

Dr. Gordon H. Scott, Washington University School 
of Medicine, St. Louis, $300 for study of the mineral 
constituents of the walls of the blood vessels. 

Dr. E. A. Spiegel, Temple University, $300 for con¬ 
tinuation of experiments on epilepsy and on tho vegeta¬ 
tive nervous system. 

Thorndike Memorial Laboratory, Boston City Hospital 
(Prof. George B. Minot, Director), $600 a year (con¬ 
tinued since 1927) in recognition of Dr, Francis W. Pea¬ 
body’s services. 
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Dr. C. Van Caulaert, Strasbourg, Franco, $400 for bio¬ 
logical ^ork on nephritis. 

Professor B©n6 Wurmser, Paris, France, $500 for con¬ 
tinuation of studies of oxidation-reduction phenomena in 
cells. 

Professor Edgard Zunz, Brussels, Belgium, $100 for 
studies of pancreatic secretion. 


Applications for grants to be held during the year 
1933-1934 should be in the hands of the executive 
committee before May 1, 1933. They should be sent 
to Dr. Joseph C. Aub, Collis P, Huntington Memorial 
Hospital, 695 Huntington Avenue, Boston, Massachu¬ 
setts. 


SOCIETIES AND MEETINGS 


THE COLORADO-WYOMING ACADEMY OF 
SCIENCE 

Tira sixth annual meeting of the Colorado-Wyo- 
ming Academy of Science was held on November 26 
and 26, 1932, at the Colorado Agricultural College, 
Fort Collins. 

Friday and Saturday mornings were given over to 
the reading of papers in section meetings. One 
hundred thirty-six papers were presented, These 
were distnbuted as follows: Chemistry, 12; education, 
13; geology and geography, 10; physics, 15; plant 
science, 25; psychology, 16; social science, 16, and 
zoology 29. 

About 175 members were present. The attendance 
of the public and college students was unusually large. 

A new feature of the program was the display of 
exhibits of the scientific work carried on by members 
of the academy. Sixty exhibits were presaonted. These 
included teaching devices, demonstrations of collec¬ 
tions of animals and plants, rare scientific books, 
chemical and physical apparatus, experiments in 
physics and chemistry, cooking devices, historical 
manuscripts, charts for psychology and education, 
experiments in hydraulics, plant breeding, plant pa¬ 
thology, models of ecological situations, etc. These 
were on display during the entire session. The en¬ 
thusiastic interest shown by academy members, stu¬ 
dents and the visiting public insured the continuance 
of this feature. 

At the academy dinner on Friday evening, A. S. 
Adams, of the Colorado School of Mines, spoke on 
"A Defense of Mass Production.” 

The following officers were elected; President: F. C. 
Jean, Colorado State Teachers College; Vice-Presi¬ 
dent: S. H. Knight, University of Wyoming; Secre¬ 
tary: R. J. Gilmore, Colorado College; Treasurer: 
O. M. Dickerson, Colorado State Teachers College. 

C. H. Hutchinson, University of Colorado, was 
appointed chairman of the program and publications 
committee. 

F. E. E. Gennann, University of Colorado, was 
appointed representative to the conference of state 
academies. 

Members of the executive committee are: 0. A. 


Beatb, University of Wyoming; F. F. Coen, Colorado 
Agricultural College; F. F. Ramaley, University of 
Colorado; A. S. Adams, Colorado School of Mines; 
T. R. Garth, University of Denver; F. P. Goeder, 
Colorado Agncultural College; R. G. Gustavson, Uni¬ 
versity of Denver. 

The 1933 meeting will be held at the University of 
Wyoming, Laramie, on December 1 and 2, 1933. 

R. J. Gilmore, 

Secretary 

THE ALABAMA ACADEMY OF SCIENCE 

The tenth annual meeting of the Alabama Academy 
of Science was held at Birmingham-Southern College, 
Birmingham, Alabama, on March 10 and 11. The 
attendance was bettor than at any previous meeting. 

The presiding officer was Professor J. F. Duggar, 
Alabama Polytechnic Institute. There were two gen¬ 
eral sessions and sectional meetings were held by the 
following sections: biology, chemistry^, jihysics and 
mathematics, industry and medicine. A fifth section 
was organized at the meeting, which will cover the 
following subjects: anthropology, archeology and 
gLKilogy. 

The internal organization of the academy was 
changed at this meeting. The plan adopted is in some 
respects similar to that of the American Association 
for the Advancement of Science; that is, sectional 
chairmen are automatically vice-presidents of the 
academy. The offices of first vice-president and sec¬ 
ond vice-president were discontinued. 

The officers elected for 1933-34 are as follows: 

President: Jameei L. Brakefield, Howard College, 
Birmingham, Alabama. ^ 

General Secretary: W. A. Whiting, Birmingham-South- 
' ern College, Alabama. 

Treatrurer: A. G. Overton, Alabama By-Products Cor¬ 
poration, Tarrant. 

Councilor to the American Association for the Ad¬ 
vancement of /Science; Emmett B. Carmichael, Uni- 
* vorsity of Alabama. 

Editor of the Journal: E, V. Jones, Birmingham-South¬ 
ern College. 
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The following were elected as (d^almen and secre¬ 
taries of the various sections: 

Anthropology, Archeology and Geology: 

Chairman: K. S. Poor, Birmingham-Southern (College. 
Secretary: G. Andrews, University of Alabama. 

Biology: 

Chairman: Septima Smith, University of Alabama. 
Secretary: Thera Towery, Howard College. 

Chemistry, Bhysics and Mathematics: 

Chairman: Roger W. Allen, Alabama Polytechnic In¬ 
stitute. 

Secretary: W.- N. Arnquist, Alabama Polytechnic In¬ 
stitute. 

Industry: 

Chairman: E. A. Hawk, Birmingham, Alabania. 
Secretary: T. N. MeVay, University of AlabuJuu. 


Medicine: 

Chairman : Franklin S. DuBois, tJniversity of Alabama. 

Secretary: O. D. Matthews, Birmingham. 

Representatives from eleven high schools met with 
the academy on Saturday morning, March 11, and 
organized the Junior Academy of Science of Alabama. 
Each high school had one exhibit and one member to 
give a paper. There were more than a hundred in 
attendance at the high school program. 0fleers of 
the Junior Academy are: 

President: Winthrop R. Hubler, Ensley High School 

Vice-president: R, E. Chambers, Woodlawn High 
School. 

Secretary: Martha Bray, Ramsay Technical High 
School. 

Emmett B. Carmichael, 
Vice-president of the Academy 
Conference 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 


AMMONIATION OF PEAT FOR FERTILIZERS 

Fob several years much of the higher grade organic 
fertilizer materials, such as cottonseed meal and ani¬ 
mal tankage, has been diverted into feedstufEs. To 
use such material in fertilizer mixtures it was neces¬ 
sary to compete with their valuation on a protein 
basis in feeds. Under such competition the price paid 
for nitrogen of this sort was considerably greater 
than nitrogen contained in inorganic fertilizer ma¬ 
terials. While in the last few years the price differ¬ 
ential has not been so great, due to the low price of 
feeds from grain products, it still exists and the de¬ 
mand for organic nitrogenous materials in fertilizers 
has held this price higher than that of the inorganic 
materials. The desirability of utilizing some abundant 
organic substance as a carrier of the cheap nitrogen 
derived from synthetic ammonia led to the investiga¬ 
tion by the Fixed Nitrogen Research Laboratory of 
peat as a possibility in this direction. It is well 
known that peat occurs in large quantities and in 
commercially workable beds at widely distributed 
points throughout the eastern part of the United 
States. Such deposits may be found from Minnesota 
to Maine, from Maine to Florida, and along the coast 
of the Gulf of Mexico. 

Experiments have been carried out by the authors 
to utilize peat as a nitrogen carrier by treating the 
air-dried material with anhydrous ammonia. Four 
types of peat have been used and the conditions of 
treatment have been varied to study the effect of time 
of treatment, concentration of ammonia and tempera¬ 
ture. A quantity of the ground peat passing a 14- 
meah screen was loaded into a steel bomb and anhy¬ 
drous ammonia added in excess. The closed bomb 


was placed in an electric oven at the temperature 
under which the experiment was carried out. The 
temperature used varied from room temperature to 
300° and the pressure developed was that obtained 
under conditions necessary to retain the ammonia in 
the bomb varying from 100 to 300 atmospheres. The 
four types of peat investigated yielded products of a 
nitrogen content of 4 to 6 per cent, at 60°, 10.5 to 
13 per cent, at 180°, and 14 to 21 per cent, at 300° 

C. It was found that treatment after 20 hours had 
very little effect in adding more nitrogen. Increas¬ 
ing amounts of moisture tended to lower the contmit 
of nitrogen in the product, but did not decrease it 
very sharply. From these results it appears that fbe. 
temperature variation affects the amount of nitrogen 
more than any of the other conditions and that by 
controlling the temperature and water content of tlie 
material practicaUy any nitrogen content up to 20 
per cent, is obtainable, depending somewhat upon the 
chara^r of the peat used. 

The original peats contained from 1 to 3 per cent, 
of nitrogen, which is very slowly available as plant 
food, but under the conditions of treatment here de¬ 
scribed, this nitrogen becomes a part of the total 
nitrogen, practically all of which is available accord¬ 
ing to chemical tests. Analyses have shown that tiie 
nitrogen contained in the ammoniated peat is partly 
water-soluble and partly water-insoluble, although the 
water-insoluble part is roughly about two thirds of 
the total. The ammoniated material is considerably 
darker than the nntreated peat, ranging from ddrk 
brown to almost black in color. It is slightly mote 
dense than the original peat and decidedly 
easily wetted on coming, in contact with 'water. ‘ , . 'i 
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The product is of such physdeal condition as to 1)6 
well suited for use as a conditioner in mixed fertilizer 
or for direct application. It promises to be of great 
importance in offering a cheap nitrogen carrier which, 
used in mixed fertilizer, will prevent caking of the 
mixture and keep it in condition suitable for easy dis> 
thbution. The condition of the nitrogen being partly 
water-soluble and partly water-insoluble makes it of 
essential value where danger of leaching or loss 
through drainage is encountered. Substitution of this 
material for part of the inorganic materials in the fer¬ 
tilizer mixtures will also be of value in diminishing 
the burning effect of highly concentrated mixtures, as 
the amount of water-soluble nitrogen would be re¬ 
duced thereby. 

The advantages of ammoniated peat from the stand¬ 
point of fertilizer use are numerous and apparently 
convincing, and in addition both peat and ammonia 
from which it is made are cheap and abundant. There 
are estimated to be 14 billion tons of peat covering 
110 million acres in the United States, and ammonia 
as produced from nitrogen fixation processes is one of 
the cheapest forms of nitrogen. While the process of 
manufacture has not yet been worked out, indications 
are that it will be relatively simple and cheap. Inves¬ 
tigations on the details of the technical problems in¬ 
volved are being actively prosecuted. 

In the soils unit of this bureau, H. G. Byers and I. 
C. Fenstal, while engaged on a study of the decompo¬ 
sition of peat, on heating it with aqueous ammonia in 
a closed vessel obtained a peat product with an in¬ 
creased nitrogen content. 

R. 0. E. Davib, 
Walter Soholl 

BuB3un or Chxmistbt akd Soms 
U. S. Dipaktmxnt or Aorioumpueb 

AN ACCURATE METHOD FOR MEASURING 
NEW-BORN MICE 

While carrying on growth studies of the mice of 
the genus Peromyscua, it became necessary to devise 
some method for the accurate measurement of new¬ 
born and very young mice. For the first two or three 
days after birth, these mice are so small, squirmy 
and curled in posture that it is almost impossible to 


take accurate measurements of the total length, tail 
length and hind foot by the usual hand methods. 

The idea was therefore conceived of taking pictures 
of each litter with a Leica camera. A metric scale 
was pictured at the same exposure so that the mice 
were all taken at a fourth natural size. The negatives 
were then projected upon a screen by means of an 
ordinary lantern slide projector at forty times the 
negative size or ten times natural size. The measure¬ 
ments were then taken from the screen picture and 
divided by ten. The curved areas, such as the total 
length, were measured with a pair of dividers. The 
cost per picture is nominal where a Ijeicii camera 
and a projecting apparatus are available, and the 
accuracy of this method fully compensates for the 
small amount of time and labor involved. It is sug¬ 
gested that this method may also prove efficient in 
measuring other small animals. 

Arthuk Svihla 

State College or Washington 

A NEW SOURCE OF WORKING CURRENT 
FOR POTENTIOMETERS 

The writer has observed that a two-volt primary 
battery on the market, known as an **air-ceir' bat¬ 
tery,^ has characteristics which make it an almost 
ideal source of working current for a potentiometer. 

This battery has a rated capacity of 600 ampere 
hours and a flat voltage discharge curve if the cur¬ 
rent draip does not exceed the specified 650 milli- 
amperes. * This is ample capacity for a potentiometer 
for many months^ use. 

The writer has used such a battery in place of a 
storage battery and has found that when protected 
against changes of temperature the working current 
will remain constant for hours and in some cases an 
entire working day without adjustment. 

The above features, together with its cheapness and 
continuity of service, make it a very desirable source 
of current. The potential of a storage battery drops 
steadily until it reaches a point where it must be re¬ 
placed and recharged. . 

liEflTKR F. Boss 

Maxine Biological Laboratory 
Woods Hole, Mass. 


SPECIAL ARTICLES 


THE EFFECT OF GALACTOSE FEEDING 
UPON DEPANCREATIZED DOGS 

Tbs studies of Roe and Sehwartzman,^ in which it 
Was shown that diabetic subjects have practically as 

i H, Bos and A, 8. Sehwartzban, Jour. Biol. Cham,, 
Wj 717,1932. 


good a tolerance for galactose as normal subjects, sug¬ 
gested that it would be of interest to study the influ¬ 
ence of pancreatectomy upon the metabolism of galac¬ 
tose. We have therefore undertaken an investigation 
of 'the metabolism of galactose in depanoreatized dogs, 

^Bvereody Air-Cell "A'' Battery, manufactured by 
the National Carbon Company. 



332 


smmcE 


VoL, 77, No. liM 


and wish to make a brief preliminary report at this 
time. 

Dogs were placed in metabolism cages and water 
was allowed ad libitum. Twenty-four hour samples 
of urine were collected under toluene. The principal 
chemical data obtained were determinations of the 
fasting blood sugar and of the amounts of galactose, 
glucose and nitrogen of the urine, and the D: N ratio. 
After obtaining control data the dogs were totally 
depancrcatized under ether anesthesia. Our usual 
procedure was to determine the D: N ratio of the 
urine upon the second and sometimes third days after 
pancreatectomy under fasting conditions, and the dogs 
were then fed galactose in water in amounts varying 
from 1 to C grams per kilo per day for periods vary¬ 
ing from 4 to 9 days. During the period of galactose 
feeding the amounts of galactose, glucose and nitrogen 
in the 24-hour samples of urine were determined and 
the D: N ratio was calculated. The fasting blood 
sugar was also determined each day upon samples of 
blood collected in the morning before galactose was 
fed. Following these studies the surviving animals 
were given food mixed with galactose, and observa¬ 
tions, together with irregular chemical studies, were 
made until the animals died. 

In control studies the dogs were found to excrete 
in the urine 17 to 30 per cent, of the ingested galac¬ 
tose. Following pancreatectomy the urinary excretion 
increased to quantities ranging from 32 to 57 per 
cent, of the ingested galactose. 

After pancreatectomy the D; N ratio of the urine 

TABLE I 

CoupABiBON or Galactose and Glucose Toleiunce of 
Depan CHEATizED Dogs 


24‘Hour Urine 


Dog 

Days aftei 
Paiicreate< 

Feeding 

Galactose 

Gms. 

Glucose 

Gms. 

s 

S’ . 

a 

Q 

1 

21 

18 gm. galactose 

8.84 

4.69 

2.43 

1.9 


22 

18 gm. glucose 


17.50 

2.26 

7.7 

2 

7 

18 gm. galactose 

7.29 

7.28 

2.95 

2.4 


8 

18 gm. glucose 


15.35 

1.89 

8.1 

3 

8 

30 gm. glucose 


26.23 

4.56 

5.8 


9 

30 gm. galactose 

9.96 

16.16 

4.30 

3.5 

4 

6 

32 gni. galactose 

13.20 

10.58 

3.21 

3.3 


7 

32 gm. glucose 


27.60 

2.96 

9.3 


8 

32 gm. galactose 

13.44 

5.41 

2.11 

2.5 

5 

8 

Sni. galactose 

7.25 

4.00 


. 


9 

21 gm. glucose 


15.50 

. 



during galactose feeding either kept at essentially the 
same value as obtained in the control studies before 
galactose feeding or in some coses decreased consider¬ 
ably. This finding shows that the galactose was not 
converted into glucose by the depancrcatized animals, 
and since only 32 to 67 per cent, of the ingested 
galactose was excreted in the urine, the evidence indi¬ 
cates that about one half of the galactose fed to the 
depancrcatized dogs was retained in their tissues and 
apparently was utilized. 

In Table I are shown comparative studies of 
galactose and glucose feeding to depancrcatized dogs 
upon consecutive days. When glucose was fed theire 
was a much greater excretion of glucose in the urine 
than when galactose was fed and the D: N ratio was 
approximately 2 to 4 times as great. Even if one 
totals the amounts of galactose and glucose that were 
excreted in the 24-hour period of galactose feeding (a 
procedure that is unwarrantwl because the normal dog 
excretes galactose in the urine) it will be found that 
there was leas total sugar excreted upon galactose 
feeding than upon glucose feeding. These data show 
that there is a preferential utilization of galactose as 
compared with glucose by the depancrcatized dog. 

The fasting blood sugar of 5 depancrcatized dogs 
ranged from 221 to 350 mg per cent, during the period 
when galactose only was fed. While receiving galac¬ 
tose the fasting blood sugar of one dog increased from 
261 to 304 mg per cent, and that of the others either 
remained at essentially the same level or diminished, 
the greak^t decrease being from 350 to 252 mg per 
cent, in 3 days of galactose feeding. 

By galactose feeding we were able to prevent or 
suppress some of the sequelae of pancreatectomy. 
Vomiting was either suppressed or prevented in the 
dogs receiving galactose by mouth or intravenously. 
Apparently there is no other conclusion than that the 
galactose was responsible for this favorable result. 
As a result of the prevention of vomiting, the dogs 
wore able to take water and did not become dehy¬ 
drated. Ketone body formation and acidosis devel¬ 
oped in our animals, but most of them survived the 
acute period of ketonuria, during which galactose 
only was administered in some instances, while in other 
instances sodium bicarbonate was administered in ad¬ 
dition to galactose. 

The survival periods of the depancrcatized dogs, 
which did not receive insulin and to which we admin¬ 
istered galactose, are as follows: One dog lived 6 
days; 2 dogs 6 daysj 1 dog 7 days; 1 dog 12 days; 
1 dog 14 days; 1 dog 19 days; 1 dog 30 days; and 1 
dog was sacrihoed 41 days after pancreatectomy. 
There is no record in the literature of sm^ival periods 
of totally depancrcatized dogs not receiving insulin 
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tliroiigh the post-operative period that are as long aa 
some of those obtained by us with galactose feeding. 

The influenoe of galactose feeding with respect to 
healing of the dog’s operative wound is apparently of 
significance. It is very well known that the abdominal 
incision of the depanereatized dog becomes infected 
and does not heal. We obtained complete healing of 
the mid-line incision of the dogs which lived 30 and 
41 days, and in the other dogs, which lived 10 days 
or more, there was more or less healing. Apparently 
there is no other conclusion than that galactose feed¬ 
ing had some influenoe in bringing about these favor¬ 
able results. 

Grateful appreciation is expressed to Smith, Elline, 
and French, Inc., Philadelphia, Pa., for donations of 
galactose. 

Josi&PH H. Roe 

Pepaetmknt or Bioohkmibtet 
Georqe Washington UNivKasiTv 
Medical Uohool 

Russell F. Cahoon 

PETAaTMENT OT PUVBIOLOQY 

Qeorgettown University 
Medical School 

THE INCIDENCE OF COLOR BLINDNESS 
AMONG RACES^ 

In Science in 1930,2 the writer announced the be¬ 
ginning of an experimental study of the incidence of 
color blindness among Indians. Since then there have 
been, imder his direction, expeditions to test various 

1 Paper read before the Colorado-Wyoraing Academy 
of Sciences on November 25, 1932. 

»T. E. Garth, ‘ * The Color Blindness of Indians,'' 
ScnCNCK, 71: 468, 1980. 


races in America by trained investigators, i.e., ^our 
expeditions to test Indiana—at Santa Fe and Albu¬ 
querque, New Mexico; Holy Rosary and St. Francis 
Missions in South Dakota; Haskell Institute at Law¬ 
rence, Elansas; in Colorado and New Mexico at various 
points, where we tested Utes, Apaches and Navajo; 
three expeditions to test Mexicans, the native-born 
(Spanish-Americans) and another to test immigrant 
Mexicans in Colorado, and still another to test the 
natives of Old Mexico in Mexico City; three expedi¬ 
tions to test Negroes, one in Tennessee, one in North 
Carolina and still another in Colorado. The un- 
seleoted whites and Jews were tested in and around 
Denver. 

The first three Indian expeditions were made pos¬ 
sible by a joint grant between the National Research 
Council and the University of Denver. All the othei* 
expeditions were financed by the university. 

The test u.sod in the present investigation was the 
Ishihara Color Blindness Test, which has been used 
rather extensively in this country, particularly by 
Miles, Haupt and Clement. Our procedure was to 
test one eye at a time, but followed the general direc¬ 
tions of the author of the test. By means of auto¬ 
mobile goggles, with the glasses punched out and ex¬ 
changeable blinds, one eye was tested at a time. It 
should be said that no ca.so of monocular color blind¬ 
ness was discovered by the investigator. No case of 
total blindness was brought to light; consequently 
these results are for complete and incomplete red- 
green blindness. With results from the same test 
Miles* has reported for various groups of white males 

8 W. E, Miles, ‘ * One Hundred Cases Color Blindness 


TABLE I 

The Incidence or Color-Blindness Among Backs Obtained with the Ishihara Color-Blind¬ 
ness Test by Garth et al . 




Males 



Females 


Racial group 

Number 

tested 

Color-Blind 

No. Per cent. 

Number 

tested 

Color-Blind 

No. Percent. 

Whites, unselected . 

795 

07 

8.4 

232 

3 

1.3 

“ Jews . 

. ... 200 

8 

4.0 

175 

0 

0 

Indians, F. B. var. tribes. 

. 502 

14 

2.5 

337 

0 

0- 

“ Navajo ... . ., 

. 535 

6 

1.1 

466 

3 

0.7 

** mixed bloods . 

. . . . 480 

25 

5.2 

623 

4 

0.8 

MexicaiiB, Old Mexico. 

. 671 

13 

2.3 

494 

3 

0.6 

‘ ‘ immigrants .. 

. 623 

13 

2.5 

469 

4 

0.9 

Spanish-Americans . 

346 

.13 

3.8 

390 

3 

0.8 

Negroes, Southern . .. 

.... 538 

21 

8.9 

496 

4 

0.8 

Northern . 

. .. 264 

7 

2.8 

166 

0 

0 
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an average incidence of 8.2 per cent, and around 1 
per cent, for white females; Haupt’s report* indicates 
incidence of 7.8 per cent, for white males; and Clem¬ 
ent^ certain incidenoos given below for Indians, full 
bloods, mixed bloods of the southwest, and northern 
Ne^oes of Connecticut. His Indians numbered 392 
full bloods, 232 mixed bloods, his Negroes 323. 

The Indians of the present study represent prac> 
tically the whole of the United States—for instance, 
one mixed blood from New York City, seven full 
bloods from North Carolina, seven from California. 
The various Indian tribes are well represented, though 
most of the Indians are Pueblos, Navajos and Sioux. 

In Table I is given a preliminary report of the re¬ 
sults of the investigation to determine the incidence 
of color blindness among races with the Ishihara test. 
It is our intention to continue carrying on the inves¬ 
tigation, particularly in America and in the countries 
of Turkey and India. 

Upon examination of Table I, it will be seen that 
the result of testing unseleoted whites in Colorado 
agrees well with results gotten by Miles in California 
and Haupt in Baltimore, i.e., for white males an in¬ 
cidence of about 8.0 per cent, and females 1.0 per cent. 
Full-blood Indians and Negroes agree fairly well with 
results gotten by Clement, but our percentage results 
for mixed-blood Indians do not agree with Clement's 
results. He obtained for full bloods 2.0 per cent.— 
mixed bloods 1.2 per cent., and Negroes 3.4 per cent. 
The Navajoa tested by us show a great departure 
from Indians of other tribes, since they have for males 
an incidence of 1.1 per cent. This is the first report 
of testing Mexicans with any color blindness test, 
though it is not the first time they have been tested. 
Information has come direct to the author of the test¬ 
ing by Dr. Luis Serrano with the Mosaics Serrano — 
a test derived from the Stilling test—of an incidence 
of 2.3 per cent, for males and 0.0 per cent for females, 
the numbers tested being respectively 609 and 415. 

It will be seen upon examining Table I that accord¬ 
ing to the Ishihara test unselected white males are 
afflicted with the defect of color blindness more than 
any one of the others of the racial groups. In fact, 
when we treat the data with a view to determining 
whether or not the differences in the proportions are 
real, we find they are so between unselected white 
males and the males of any of the other racial groups, 
full-blood Indians, Negroes and Mexicans, excepting 
in the case of the mixed-blood Indians, with an ap¬ 
proximation to a difference (2:76) in the case of the 
Jews. When a real difference between the percental 

Detected with the Ishihara Test," Jour, of Gen. Psy., 
2, 536-643, 1929. 

*1, Haupt, "The Nela Test for Color Blindness Ap* 
plied to School Children," J’owr* pomp. Psychol. , 7: 1^9- 
184, 1922. I 

8Forest ClemeiiL "Comparative Eacial Differenceslln 
Color Blindness," ScinNOE, 72; 203-204, 1980, 1 , 


ia indicated D/^ ^ifi. should be 3 and more.* Wo may 
say, then, that a real difference or a dose approxima¬ 
tion to it is indicated between unselected whites and 
the other racial groups here represented, excepting the 
mixed-blood Indians, and even between them and 
Mexicans. 

As to differences in percentages between the re¬ 
maining groups, those are not indicated, excepting in 
the case of full-blood Navajos and the mixed-blood 
Indians, where there is a close approximation to a 
difference (tlie figure is 2.9), between Navajos and 
Southern Negroes. It is interesting to note that 
neither the Jewish groups, the Mexican groups, the 
Negro groups nor the full-blood Indian groups differ 
among themselves when classified geographically, nor 
do they differ when classified superficially racially, 
with the exception mentioned, Navajos and Southern 
Negroes. 

The investigator is not disposed to call the indicated 
differences racial differences, since they do not hold to 
racial lines, but he is disposed to think they may be 
due to some selective factor. 

Thokas B. Garth 
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TENDENCIES IN THE LOGIC OF MATHEMATICS' 

By Professor B. R. HEDRICK 

UNIVKBSITY or CALIFORNIA, LOS ANGELES 


1. Inteoduotion 

I APPROACH this subject whiob I have announced 
for to-day, ^'Tendenoiee in the Logic of Mathematics,” 
with some trepidation, with many misgivings, and, I 
trust, with due humility. To many, the logic of 
mathematioB is old, fixed, immutable. To shake faith 
it, even to express a doubt eonoeming it, is to 
tnese nothing short of heresy. As Professor C. 1. 
Lewis, of Harvard University, says in the October 
issue of The Monist: '^From Aristotle down, the laws 
of logic have been regarded as fixed and archetypal; 
and as sueh that they admit of no conceivable alterna¬ 
tives. Often they have been attributed to the struc¬ 
ture of the Universe or to the nature of human reason; 
and in general they have been regarded as providing 
^ Address of the retiring chairman and vice>president 
an Archimedean fixed point in the realm of thought.” 

of Section A—^Mathematics, American Association for 
the Advancement of Science, Altotio City, December 28, 
1#82. 


Yet long ago, as I shall indicate, doubts appeared; 
and within my own lifetime definite and undeniable 
difficulties have arisen which leave no room for a 
complacent acceptance of the logic of the ancients in 
unchanged form. I shall attempt to-day to state some 
of the difficulties and some of the proposed remedies. 
We shall see that there is to-day, if not universal 
agreement on the details of new systems, at least essen¬ 
tial agreement that fundamental changes are neces¬ 
sary. As Lewis remarks in the article quoted: ^There 
are no laws of logic which can be attributed to the 
universe or to human reason in the traditional form.” 
Acceptance of such doctrine, however, like acceptance 
of other revolutionary changes in the history of human 
thought, of which the most recent is the theory of 
relativity, comes slowly; always men’s minds revert to 
older ways of thought, always the interpretations 
placed upon the newer statements may be mistaken, 
always there is need for slow and detailed statement 
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of the essential grounds on which the need for changes 
rests. 

If, then, I seem to some of you present, who know 
full well all—or well-nigh all—that I shall say, to go 
too slowly over the familiar grounds, I beg you to 
boar with me, since there is real need for patient and 
repeated statement of these things. I address myself 
to-day essentially to those to whom the reasons for 
change are not thoroughly known. To them, and to 
others who may later read these lines, I wish to make 
clear in not too lengthy form the larger outlines, with 
some details. 

I am saved the necessity of a long introduction, 
recounting the slow growth of mathematical rigor, by 
the fact of easy access by all of you to two reports 
essentially on the same field: the Gibbs Lecture, by 
Professor James Pierpont, presented at the Nashville 
meeting of these organizations in 1927, and the in¬ 
vited address by Professor Arnold Dresden, presented 
at the same meeting, both of which were printed in 
Volume 34 (1928) of the Bulletin of the American 
Mathematical Society. 

Pierpont gave a general r^ume, going back at least 
to the beginnings of the Calculus, and coming down 
the centuries from Newton and Lreibnitz through Euler 
and Lagrange and Cauchy to the days of Weierstrass 
and Kronecker and Cantor and Poincar^, and thence 
to our own generation and the present decade, with 
sketches of the three chief movements of this period, 
which are associated in men’s minds most vividly with 
the names of Whitehead and Russell, Hilbert, and 
Brouwer, respectively. These remain the tliree chief 
directions of research in this field, and it is to them 
that I shall give particular attention in what follows. 
By name, these three schools of thought, or methods 
of procedure, are most often called the logistic, the 
postulational or formalistic, and the intuitional schools 
or methods, respectively. While my own sympathies 
will doubtless appear, I will attempt to give an im¬ 
partial account of the progress in these fields, in grand 
outlines, and their present states. 

Dresden, in his address, states what appear to him 
to be the underlying philosophical aspects. Both 
here, and in a former report published in Volume 3fl 
(1924) of the Bulletin, he gives special attention to 
the work of Brouwer and to its underlying philosophy, 
but he does so with great impartiality, and his views 
on the doctrines which underlie mathematics and 
mathematical logic are still worthy of careful study. 
These two reports by Dresden were preceded by a 
translation by him of an article by Brouwer, published 
in the Bulletin in 1913. The two papers in 1913 and 
1924 d^ primarily with Brouwer’s work; with the 
present article, they span two decades, and it may be 
of interest to observe by a eomparison with them the 
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slow but certain progress of the principal ideas dur¬ 
ing these two decades. 

2. iNTBCmuonoN or lirrimnxs 

In a large sense, though with certain notable excep¬ 
tions, such as the controversies over the parallel pos¬ 
tulate, the origin of logical difilcultiea appears to lie 
in the introduction of infinities into mathematics. 
Even in the case of the parallel postulate, the rfile of 
infinity is clearly apparent, and might be held to be 
the paramount difdculty. With the advent of the 
Calculus, at any rate, with its troublesome concepts of 
infinitesimal and of limit, the effect of infinities upon 
mathematics and mathematical reasoning becomes 
striking and undebatable. It is with these difficulties 
that Pierpont begins in his address. 

That essentially the same difficulties had arisen in 
the old Greek paradoxes is now clear to us', but such 
paradoxes were regarded mainly as philosophieal 
playthings, and the mathematical oontrovereies in the 
same field awaited the important development of the 
Calculus. At one other point, however, an objection 
had been raised before that time; and it is so im¬ 
portant for our more recent studies that I wish to 
emphasize it, particularly because it is not mentioned 
in the addresses quoted above. Isaac Barrow, who 
was one of Newton’s teachers, and one to whom New¬ 
ton owed much, hod objected, before the Calculus con¬ 
troversy, to the development of the theory of propor¬ 
tion in the Fifth Book of Euclid. He pointed out 
that Euclid’s argument, and in particular his defini¬ 
tion of the sense of inequalities for what we should 
now call irrational numbers, requires, for a determi¬ 
nate answer, the use of an infinite nuoaber of steps. 
This objection, which Barrow stated in clear language, 
makes him the forerunner of such modem sebolarB as 
Kronecker, Poinear^, Brouwer, Weyl and E. T, Bell, 
all of whom have reiterated this objection. In it, the 
notion of infinity entmre in mathmatical reasoning 
again, in a very different, and in a very disturbing 
fashion. 

The position of Kronecker is stated in some detail 
by Pierpont. In his Festaehrift/ Kronecker attacked 
particularly the definition of reducibility of a poly¬ 
nomial, which is ordinarily stated by saying « 
polynomial is reducible^ or not, according as it has, 
or has not, a rational factor. Without xneans fpr 
decision, and faced with a possible infinite numbrnr of 
trials, Kronecker declares such a definition not only 
unusable, but meanbglesa. For the same reoaozks, he 
attacked bitterly the whole theoxy^ of irrational ntun- 
bers, and tibie entire structure of the Weierstmss 
theory of functions. To this day, these dbjedtiona 

» Mteehr. fUr MaiK, Vpl. M. im. 
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»tand. They have been voieed again and again^ most 
etrenuoualyy perhaps, by Brouwer, which may be a 
misfortune. To many other great mathematicians, 
however, including Poincare and Weyl, objections of 
this obaracter, involving both dehnitions and existence 
proofs, have seemed weighty and soberly ominous. 
It is indeed surprising that so little heed has been paid 
to the reasonable warning given time and again by 
men of the first rank, from Barrow to Poincard; and 
it must be admitted that every such definition, every 
such existence proof, which does not contain in itself 
an explicit means for setting up the concept discussed 
in a finite number of steps, is open to question, and 
can not be said to be established with logical rigor. 

That insistence upon such a point would destroy 
much of mathematical literature, as has been urged by 
such equally great figures as Wcierstrass and Hilbert, 
seems to me to be as mucli beside the point as is that 
argument for immortality which depends upon our 
displeasure at mortality. If there be no better argu> 
ment, we may as well begin at once some cflort toward 
reconstructing those parts of mathematics that depend 
on such debatable procedures. 

In one instance, this has already happened. In 
1897, Burali-FortP published his now famous paradox 
on transfinite numbers. As a result, that ihgpry is 
now quite re-formed, and parts of it are no longer 
used, while some theorems, such as the theorem that 
every closed set consists of a countable set together 
with a perfect set, once proved by means of that 
theory, is now commonly proved otherwise. Possibly 
due to this very paradox, and surely due to some 
similar considerations, Poinoord showed a most inter¬ 
esting change of attitude—a volte-face, indeed—^from 
the Paris Congress in 1900, where be said, ^‘One may 
say to-day that absolute rigor baa been attained,” to 
the Borne Congress in 1908, where he said, ‘^Later 
generations will regard the Mengenlehre as a disease 
from which one has recovered/’ His other writings 
from that time on betray his lack of faith in that 
rigor which he. had called '^final” in 1900. 

Such objections are climaxed and most vociferously 
proclaimed by Brouwer, as I have stated above, but 
he is by no means alone.^ These objections, however, 
^uld be diflerentiated from what is the central part 
of Brouwer’s thesis, the so-called intuitionisxm It is 
by no means necessary to become an adept of intui- 
ttoni$m in order to adopt the objeetions of Kroneoker 
and Poincard, which Brouwer also advocates. Nor is 
Brouwer’s objection to the Law of the Excluded Mid- 


e $ 0 nd. Oite. Mat de Palermo, 11: 154-164. 1897. 
«Se» Brouwer (tnms. by Dresden), Bvll Amor. Math- 
20s 81 #4 (1913) 5 Brouwer, Jahresherkki D. M, F., 
Mi 208^ Brouwer, geitsoAr. /Sr Maih.^ 154 j 1 

Pletpoiit, Bun, Amer, Hath. goo. 84; 23-68 
pim); Drssra^ Amor. Katk. goo., 30: 31-40 
‘ sttKl 84; 438-452 (1923>. 


die an integral part of intuitionism. One may, and, 
as I shall point out, one now must, admit that the 
Law of the Excluded Middle is not a necessary part 
of logic, whether one is an intuitionist or not. All 
these objections are advocated strongly—perhaps too 
strongly—by Brouwer, and his adherents as well as he 
will justly claim them as an integral part of his whole 
thinking and of his works. This 1 will not deny. 
What 1 wish to emphasize is that neither the objection 
to an infinite number of steps in an argument or 
definition or existence theorem, nor the objection to 
the Law of the Excluded Middle as a fixed principle, 
is so tied to intuitionism that one must accept it in 
order to accept these others. I believe that the gen¬ 
eral impression that these ideas con not be accepted 
without acceptance of all that is associated with 
Brouwer’s name is one of the reasons why the mathe¬ 
matical world has so long delayed acceptance of them, 
and action based upon them. 

3. Brouwer^s Position. Exclitdkd Middle 

In what precedes, I have dwelt upon one objection 
voieed by Brouwer, but also by many great scholars 
before him. His objection to the Law of the Excluded 
Middle is, as I have remarked, also independent if 
the method or school called intuitionism. Leaving 
that method for later discussion, 1 wish to call atten¬ 
tion now to his position, and the position of others, 
regarding t]|s Law of the Excluded Middle. His own 
statements sometimes lack complete clarity, and even 
the expositions of Dresden mentioned above may not 
be wholly obvious. Certainly the attitude of Brouwer 
was not clear to many of his opponents. Thus Barzin 
and Errera obviously misunderstood him, as they 
themselves state in a later article.'^ 

That Brouwer rejects the law is quite obvious. His 
reasons also seem not hard to find for one who wills, 
and they certainly appear in the examples which he 
cites.* One such example is to know whether there 
exists a number k which expresses tlie number of 
digits in the number a at which, for the first time, the 
sequence 0123456789 begins in the decimal represen¬ 
tation of a. It is not provable at present that k 
exists, for such a sequence does not occur in the 
decimal representation of a far as its expression 
has been calculated. 

It is thra obvious that Brouwer is thinking, as 
othm are thinking, that it may not be possible to 
arrive at a demonstration of a proposition p, or of 
its denial p% by a finite sequence of syllogisms, with¬ 
out the use of the law mentioned. If not, there may 
be a ’proposition not provable, whose denial (p') is 
also not provable. This may even be the case if argu- 

^Ae&i, de CUuse dea Sttieaoeaf 13: 56-71 

(1927) t Art^ f oa Beige PhUoe., pp. 3-26. 1928-29. 

/^tr MatK 154: 1, 1926. 
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mentfi that are equivalent to the use of an infinite num¬ 
ber of stops are allowed. Such propositions need not 
be absurd, as some have claimed; the preceding ex¬ 
ample does not introduce any new concepts, and is 
within what is sometimes called the “universe of dis¬ 
course”; the question involved can not be called ab¬ 
surd, or rejected; indeed, it is entirely thinkable that 
the question can be answered. 

The immediate reply of many persons is that the 
proposition that k exists must either be true or else 
false, on the basis of “ultimate” truth. This is, indeed, 
precisely the Law of the Excluded Middle. If the 
topics discussed form a part of the concrete universe, 
thought of as externally real, such a position would 
be justified. In how far such a position is tenable 
will be discussed in the next section. The belief in a 
real external existence of the objects and relation¬ 
ships under discussion is undoubtedly the basis for the 
law, as it is, no doubt, the basis for all logic. Again, 
as Dresden has remarked^ in his discussion of 
Brouwer^s position, the law would be granted if the 
proposition dealt with a finite system. That Brouwer's 
own statements are not particularly clear on these 
matters will appear from the quotations which Dres¬ 
den makes in the article just cited, and from Dresden's 
own comments. 

4. Reality. The External World 

As I have just stated, a crucial element in any such 
discussion is the meaning of the words “true” and 
“false,” and the associated question of the conceived 
real existence of the concepts and relationships under 
discussion in the real external world. It may be as 
well to grant at once that the law hold in an a priori 
sense in such an a priori system. 

On the other haqd, so far as I know, no modem 
school of mathematical thought, least of all the postu- 
lational or formalistic school, would accept such a 
tenet. Beginning with the discussions of the parallel 
axiom of Euclid, the whole course of mathematical 
logic has tended strongly toward the abandonment of 
the claim that an axiom or a postulate necessarily rep¬ 
resents the realities of the external universe. Thus 
every present school of mathematical thought, in so 
far as I know, would accept either Euclidean geometry 
or any one of the non-Euclidean geometries, with no 
claim that one of them more than any other represents 
the realities. Thus, while I have not yet discussed the 
different schools nor the differences that exist in their 
fundamental thinking, I may assume that no one of 
these schools would attempt to base its systems on a 
claim of reality. The nearest approach to such a claim 
would be the school associated with Brouwer himselfi 
but since he freely accepts the different geometries 

T Dresden, Buil Amer, Math. 8oo,, 30: 89. 1024. 


mentioned above as equally valid, for example, it is 
clear that any claim of the intuitionists for the reality 
of their systems would be quite limited; to this 1 
shall return. 

If the claim for reality, the claim that the objects 
and the relationships under discussion form a part 
of an existent external world, disappears, then the 
a priori nature of “truth” and “falsity” of proposi¬ 
tions also disappears, and with it disappears also the 
a pnon assumption that any proposition is either tnie 
or else false, that is, the Law of the Excluded Middle. 
To reestablish it, we need at the least a clear agree¬ 
ment on the meaning of the words “true” and “false”; 
and we need new assurance of the validity of the 
law. 

That a confusion of thought arises continually from 
the tendency of the human mind to revert to the 
primeval definitions or a pnor» conceptions of “true” 
and “false” appears very frequently in the literature. 
Thus, such a careful thinker as Church,** in his keen 
criticism of Barzin and Errera, says of the Brouwer 
position: “The latter point” (a statement essentially 
quoted from Brouwer) “depends, of course, on identi¬ 
fying the truth of a proposition with the possibility 
of proving the proposition. But it seems more in 
accords with our usual ideas to think of truth as a 
property independent of our ability to prove it. Con¬ 
sequently we prefer to take the truth of a proposition 
merely as an undefined term subject to certain postu¬ 
lates, among them, if we choose to include it, the 
law of the excluded middle.” While I must admit al 
once that Church’s position is entirely tenable and 
logically sound, and while it is only just to Church to 
admit that he says elsewhere that one may also choose 
to deny the law, his position seems to be to avoid 
trying to -define “true” and “false” in order to save 
the Iiaw of the Excluded Middle. One must admit the 
correctness (logically) of his statement, since what he 
proposes is precisely what is done in the system of 
Prinoipia, as we shall see. To admit that such a 
system is a possible system of logic, however, is far 
from admitting that it is the only system of logic; 
and to assert that such a system {e.g., Principia) is 
“more in accord with our usual ideas,” that is, with 
the a priori conception of “true” and “false” in an 
external world of realities, seems strange to one to 
whom the rudiments of the Principia are known. 

Still closer to the a priori conception of is 

the position taken by Barsin and Errera. In the sec¬ 
ond article just cited, they criticise the definition 
given by Levy, which we shall mention in a moment. 
They say (page 6): “M. Levy . . . defines a truth 
or falsity which he calk brouwerian/* and they speak 
of the “usual” sense of truth and falsity, without 
farther comment. 

e C%urdi, Midi Amor. Math. 8oc., Ui 75^78. 19884 
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The definition given by Levy^ deBerves attention. 
Although he calls it '^hronwerian,” he has stated aleo 
that it does not agree precisely with Brouwer’s own 
view. Levy says that a proposition is ^^true” if it is 
possible to demonstrate it (obviously without the use 
of L. E. M.), and ^^false” if it is possible to prove 
its denial p'. 1 myself had used essentially these 

same definitions^^ in a paper presented to this society, 
and I have been told by Weyl, in conversation, that 
this is probably Brouwer’s point of view, though I am 
not aware that he has stated it distinctly and clearly. 

The effect of such a definition upon the law (L. E. 
M.) is clear enough. If a proposition p is not “true,” 
does it follow that it is “false”? This now has a 
distinot meaning, at least. It means: if p can not be 
proved (in a finite number of steps and without 
L. E. M.) then p' can be proved. Of this there is 
no present guarantee. Hence the law (L. E. M.) has 
no present validity. What further effects such a posi¬ 
tion may have upon (say) the mathematics of a poa- 
tulational system, and in how far the validity of the 
law (L. E. M.) may be secured in such a system, will 
be discussed later. 

As a result of the present discussion, it is sufSoient 
to point out that a crucial element in any treatment 
of these matters is to determine what the author means 
by “truth,” that is, whether he reverts to the a priori 
concept based on a claim of reality; or assumes, with 
Church, what is essentially the Principia position, that 
“truth” is an undefined property; or uses what I shall 
call, with Levy, the “brouwerian” definition of 
“truth”; or gives some other definition of the term. 
Clearly, the law (L. E. M.) has totally different sig- 
nifioanoes in these various oases. 

6, Th* Pormaustio oa Postulationai. Method 

It is probable that the postulational or formalistic 
view-point is the one most familiar to my audience, 
but a precise statement of it is not easy to give. A 
clear statement is given by Bernstein,and 1 will not 
repeat it. Many other authors have given clear de¬ 
scriptions. One given with a clear consciousness of 
the existence of Brouwer’s ideas is that of Dresden,*® 
which is nevertheless, in its essence, a description of 
the postulational view-point. 

I wish to refer hurriedly to some of the fundamental 
ideas present in modem diiMussions of any postula¬ 
tional syatem, but I shall assume that you are familiar 
with them. It is usual to prove that the x^mtulates 
stated are independent^ that is, that no one can be de¬ 
duced from the others; that they are consistent, that is, 

•Acad, de Belgique Classe des Beienoes, 13; 256-266. 
1927. 

lOJMK. Afficr. JfatA. 3roo., 84: 486. 1928. 

ujMh Amer. Math. Boo., 37; 484. 1981. 

ts Amer. Math. Boo,, 84 : 442. 1928. 


that they contain no hidden contradiction, which is 
done (ordinarily) by exhibiting a set of objects and 
operations or relations whose existence is supposed 
known and which satisfy all the postulates. It is de¬ 
sired also to show that the system of postulates is 
complete, that is, that no new postulate may be added 
to the set without the introduction of a new undefined 
concept; and that they are categorical, that is, that two 
systems that satisfy the postulates can be made to cor¬ 
respond isomorphieally. 

The present status of this school of thought is also 
known to you perhaps better than is that of any other 
school. Its results have been quite successful in many 
fields of mathematical thought, and the extent to 
which such examination of systems of postulates has 
been carried surely exceeds any estimate which might 
have been made, say, in 1900. One serious bar re¬ 
mains. In general, the proofs of consistency have 
been made on the assumption of the soundness of the 
postulates of arithmetic. These postulates themselves 
have been discussed extensively, nnd most strenuous 
efforts have been made to prove that they themselves 
are consistent. Uilbert and his followers have been 
most hopeful that final success would bo achieved, and 
a partial success has been attained by Hilbert nim- 
self,*® von Neumann** and others. The means em¬ 
ployed by Hilbert and others, however, particularly 
the employment of arbitrary marks, seem of doubtful 
validity tt many, and one must hesitate to announce 
that a final success has been attained. 

The present status, then, remains that we must as¬ 
sume the validity of the postulates of arithmetic, in 
some form. We need, indeed, thus much of assumed 
reality, or at least assumed consistency. If it be an 
assumption of reality, then the L. E. M. would have a 
certain a priori validity based on that assumption; 
but even that would not of itself carry through to 
other sets of postulates based upon this one, since a 
proof of consistency by no means demonstrates reality. 

As for “truth,” we may assume, with Church, that 
it is an undefined property, and wo may adjoin (see 
Bernstein, loc. cit.) some such set of postulates for 
logic as that of the Principia. To do so, however, is 
clearly an act of choice, not of necessity; and this 
Church clearly indicates. ^ 

On the other hand, it would appear more in keeping 
to call these things “true,” just as we call the postu¬ 
lates themsdives “true,” not because of an instinctive 
belief in their ultimate reality in an external world, 
but simply because they follow from the postulates. 

Hilbert, Jahreaherioht D. Af. V., 8: 1900; Math. 
Anndten, 78: 405. 1918; Ahh. Mamhurg Univ., 1: 167, 
1922; Math, Annalen, 88: 151. 1922-23, and 95; 161. 
1926. Also references given by Dresden, BuU. Amer. 
AfatA8oC., 84; 440. 1028. 

Neumann, Math. Zeitsohrift, 26; 1 (1927), and 
Math. Annalen, 164 : 219. 1025. 
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This is indoed no other than the position that I myself 
have taken, that Levy took, and that I have oalled, 
with Levy, ^^brouwerion/* It seems to me, however, 
not primarily brouwerian; rather, it seems to me very 
decidedly in accord with the very spirit of the postu- 
lational school. In that case, however, some support 
would have to be given to establish the validity of 
the L. E. M., since it ceases to be obviously true. 

If we could prove the set of postulates have the 
property that any proposition p can be proved, or 
else its denial can be proved, from the set of 
postulates, we should have turned the trick. If we 
can not do this, then of what avail is it to have 
adopted rules of logic which essentially beg the ques¬ 
tion f Such rules of logic do essentially beg the 
question, for, after all, what we want to know is pre¬ 
cisely whetlicr or not we can prove p or else p'. To 
assume that wc can always do one or the other of these 
things, or, what amounts to the same thing, to say (in 
no matter how disg^uised a form) that p is to be 
called *‘tnie” not only when we can give a direct 
proof of it, but also whenever we can not prove p', 
seems strangely out of accord with the spirit of the 
postulational method. It is, however, logically pos¬ 
sible to do this. 

A dilemma to which we are led if we take this posi¬ 
tion has been stated by Church in his discussion of the 
Zermelo postulate.” Here he himself is dealing with 
a possible addition to the laws of logic, and, since 
alternatives present themselves, it is obvious that we 
can not decide all questions until some such additional 
law has been assumed. Realizing the relation of this 
question to the L. E. M., Church states (p. 186) that 
the fact that we might be led, after assuming one or 
the other of two additional postulates, to different 
conclusions regarding the same proposition, he con¬ 
cludes that wc should then have not a violation of the 
L. E. M. but rather two universes of thought, each 
self-consistent, proceeding forever side-by-Side, per¬ 
haps after the manner of the two universes of thought 
contained in Euclidean geometry and one non- 
Euclidean geometry. It seems obvious, however, that 
just before the additional postulate is chosen, we 
should certainly be in possession of a consistent set of 
postulates for which the L. E. M. does not hold. Nor 
is it clear how one may know when this situation 
exists. For example, before the explicit statement of 
the Zermelo postulate, would it have been clear that 
the L. E. M. did not then apply to the system as it 
was? Lot me say distinctly, however, that the remark 
of Church seems to me to be sound in so far as it goes. 

6. Thb Intuitional School 

I have discussed already two phases of the work of 
Brouwer, namely, his attitude toward the L. E. M. 

Trans, Amer, Math, Soe,, 29: 178-208. 1027, 


and his attitude toward proofs or definitions that are 
based effectively upon the use of an infinite number 
of steps. Neither of these has a specific relation, how¬ 
ever, to the intuitional method, in the sense that one 
may adhere to either or both of these other principles 
without attaching himself thereby to the intuitional 
School; indeed, as I have pointed out, many mathe¬ 
maticians of note have done so, without participating 
thereby in the Intuitional movement. 

Brouwer has stated bis position on intuitionalism 
as the proper basis for mathematical work in numer¬ 
ous articles cited above. Two quotations from him 
that are given by Dresden'® seem to give in brief 
space something of hia view. *'This intiution,” says 
Dresden, *'upon which not only mathematical think¬ 
ing, but all intellectual activity is held to be based, 
is foimd in the abstract substratum of all observation 
of change:, fusion of continuous and discrete, a 
possibility of conceiving simultaneously several units, 
connected by a between that can not be exhausted by 
the interpolation of new units.”’ And again: [the 

fundamental intuitive concept of mathematics] mani¬ 
fests itself in the intuition of time, which makes pos¬ 
sible ^repetition, as being object in time, and again 
object/ ” 

Without pretending that this represents the whole 
of, the point of view of the intuitionists, I may say 
that one concept which seems to stand out clearly is 
the acceptance on the basis of intuition, of some essen¬ 
tial properties of time. In particular, the indefinite 
divisibility of it, the oocnrrenoe of a time betwe^ any 
two other times, appears; and the idea of unit is 
emphasized. These are indeed fundamental properties 
of pure number, as it is conceived in arithmetic. The 
recognition of time as a primordial prototype is not 
at all novel: Hamilton defined math^matice as ^^the 
science of pure time,” and many another has done his 
fundamental intuitional thinking (whidi we may grant 
all mathemaiioians must do in some way) in terms of 
time. 

While I reiterate that this does not exhaust the 
views of Brouwer on this field of thought, it does 
appear to me that there is here a common ground 
which I have not seen emphasized, as between intui¬ 
tional and postulational thinking: it is that in both, 
if I have not too much distorted the facta, the essen¬ 
tial properties of time (that is, of teal mmibcr), are 
at present assumed to be valid upon the basis of our 
intuition, for I have pointed out that the present state 
of the postulational school is essentially just this. 

At at least one other point, however, the two schools 
of thought part company in a more decisive manner. 
Brouwer contends i\xAt logic is not a sure ffoide 
toward the building-up of mathematieal tbotkg^ and 
that the mdstenoe of a variety of possible l0|^^ 

xsBtdl. Amer. kfolh. J3oc,i 30; 9% IfiSS, 
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taoos one to feel that results obtained by one 
aueh system may not be wholly • oonvineing. This 
position has been clearly stated by Boutroox.^^ It is 
admirably demonstrated, in fact, by the results which 
have been obtained by the use of the Zermelo postu¬ 
lates, as contrasted with results obtainable with no 
such postulate, or with a different one. 1 think that 
Brouwer would hold that the intuition must be called 
upon to decide when such a situation arises. That 
few of us would be able to do this with any degree 
of confidence, is, perhaps, not a valid objection. Cer¬ 
tainly ihe formalistic or postulational school would 
not agree to such a procedure, except, perhaps, in an 
extremely restricted and narrow form. To what ex¬ 
tent the modem developments of logic tend to confirm 
Brouwer's views, we shall see presently. 

1 have referred in what precedes chiefly to the 
Zermelo postulate because it is in some senses the best 
known case of an addition to the preceding logical 
system. There are others, however, which are nearly 
if not quite as prominent in the minds of mathemati¬ 
cians. Among these, I may mention the proposed 
postulate of Bussell^ ^ that ^Vhatever involves all of a 
collection must not be one of the collection," and the 
proposed postulate of Hilbert^* to sanction the use of 
complete induction in the transfinite ease. These 
notable instances of additions to the logical system, 
and their possible alternatives illustrate in themselves 
the possible variety of logical systems of which Bou- 
troux speaks. 

While 1 make no claim to have exhausted the views 
of intuitionists, I have premted some which seem to 
have their support. It is to be noted that the ad¬ 
vances in logical theory tend rather to support them 
than otherwise, bat perhaps not in precisely the man¬ 
ner that was intended by their originators. 

7. Logistxcs, Tbb Pbiboipu 

The logistic sohool has attempted to introduce a 
symbolism to replace ordinary language, in order to 
avoid the errors traceable to the aml^uities of ordi¬ 
nary language, and to express mathemati(» essentially 
as a part of logic by means of this symbolifflo. A 
first comprehensive attempt was begun by Feano in 
the ^Formulaire de Math4mstique" (Yol. 1, 1895), 
which was extended and eompleted in four volumes 
during the years 1895-1903 by Feano and several 
other Italian ^thematieians. A still more compre¬ 
hensive and exhaustive treatment began with a paper 
by Bussell in the American Journal in 1908, and led 
to the monumenial work ^'Prineipia hiathesnatica,'* 

irBouttoox, del HathCmatiehma^' 1908. 

UAncr. Jour, Math, 30; 238 (1908) | Whitehead and 
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MoJA AtmoXon, 88: 181. 1929-23. 


by Whitehead and Bussell (2d ed., 1925-27), to which 
reference has been made above. It was thought by 
the authors and by many followers that the procedure 
followed was subject to no errors, and that the result¬ 
ing system was indeed final. Many mathematicians, 
however, including most German mathematicians, re¬ 
mained skeptical, and it is true that the authors felt 
obliged to introduce fundamental changes in the sec¬ 
ond edition, largely duo to the work of H. M. Sheffer. 
A brief statement of the essential purposes and meth¬ 
ods of the *Trincipia" is given by Bomstoin,®® and I 
may refer any who are not familiar with its nature to 
that article In his review of *Trineipia,.” Bernstein 
pointed out certain difficulties of interpretation, and 
he has insisted upon these difflcultios in his later 
articles*® A simple instance is that the symbol “p" 
is often read “p is true,” in spite of a warning by the 
authors of “Principia” against doing so. There are 
also certain '^informal” statements in the ^Tnnoipia” 
which were intended to clarify the more formal ones; 
but it appears that there are real differences between 
the ‘^formal” and the ‘informal” systems, so that it 
may be said that the “PrincipLa” consists of two dif¬ 
ferent systems conducted simultaneously. 

The definition of implication is stated efeseiitially in 
the form; “p implies q if it is true that either not-p 
is true or else q is true.” This definition is entirely 
sound, but it departs fundamentally from the Aristo¬ 
telian system. Thus a false proposition implies any 
proposition whatever; and a true proposition implies 
any other true proposition. For this reason, the 
authors of the ^Trincipia” took the position that the 
usual concepts of independence and of consistency do 
not apply to their own system, since any (true) postu¬ 
late must imply any other (true) postulate. Bern¬ 
stein has shown that this is not the case, however, fay 
reducing the "Principia” assumptions to the form of 
postulates for a Boolean Algebra, since the definition 
of implication stated above essentially divides all 
propositions into two classes, which may be identified 
with the symbols 1 and 0 of a Boolean Algebra, for 
which postulates paralleling those of the ^Trincipia” 
are then stated. These postulates are subject to ex¬ 
amination for independence and for consistency, so 
that the original ^Trinoipia” postulates are also. It 
also proves possible to state thq^entire system in terms 
that make it a strict mathematical science in the sense 
of the. postulational method. Another comprehensive 
survey of the situation is in type and will be published 
in &e January, 1933, issue of the Transactions of the 
American Mathematical Society by E. V. Huntington. 
His system differs from that of Bernstein ohiofiy in 
the infi^duotion, not only of the class K of all propo¬ 
se Bemsteiii, Bun. Amer, MatK 8oc,, 82; 711-713 
>7^^*80-488 (1081); 38: 888-390 (1988); 88: 
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fiitions, but also of aiiotiier class T of propositions, 
a subclass of K, in terms of which the postulates 
are stated. The independence and consistency of these 
postulates are examined with ^rcat care. It is shown 
that the resulting system is wjuivalent to the “in¬ 
formal” “Principia” sj^stem, but the inherent difficulty 
of deriving it from the “formal” “Principia” system 
again manifests itself. Quite informally, one may 
think of T as the subchtss of true propositions. 

In either Bemstein^s or Huntington’s systems, and 
therefore in the “informal” “Principia” system, the 
L. E. M. follows from the postulates, though this is 
not the case for the “formal” “Principia” system. 
However, no immediate conclusion as to the universal 
validity of that law can be said to follow, since it is 
here simply postulated. The only conclusion is that 
the “informal” “Principia” is a dichotomy; that is, it 
is a two-valued system. This does not show that every 
mathematical system must also be dichotomous; it 
shows only that the “informal” “Principia” system is 
not applicable to a mathematical system unless that 
system is shown to be a dichotomy. This is quite a 
different statement. 

8. Other Logical Ststems. Abandonment 
OF L, E. M. 

Despite the monumental nature of the “Principia,” 
it follows from what precedes that we must again 
face the question as to whether or not the L. E. M. 
is of universal application. The recent work of Bern¬ 
stein, Huntington and others have not altered the 
inherent nature of the “Principia”; they have simply 
refined it, and have transformed it into a mathematical 
system, freed from essential disagreements between 
“informal” and “formal” system. 

Attempts have been made to demonstrate the law. 
I have referred to the attempt of Barzin and Errera. 
Many replies were made to this attempt, of which two 
that are noteworthy are the papers of Church and 
Levy, in which the difficulties of the attempted argu¬ 
ment are clearly established. Indeed, if the L. E. M. 
could be proved from the remaining standard laws of 
classical logic, it would follow, of course, that there 
would be no necessity of stating it. In a sense, there¬ 
fore, any such attempt was predestined to fail, if any 
statement of the law is needed. 

In 1930, however, a very definite settlement of all 
such controversy was given by Lukasiewicz and 
Tarski,who actually set up a trichotomy which 
satisfies every requirement of implication, and which 
possesses a strict table of implications, including a 
middle, which I may call “uncertainty,” as well as the 
customary “true” and “false.” An excellent account 

^i^Comptes Sendus 8oo. de yatetyeie, 28, III: 61-77. 
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has been given by C. I. Lewis in The Moniet for Octo¬ 
ber, 1932. It appears from their work, and from 
some later papers, that it is perfectly possible to set 
up and to operate perfectly sound systems which have 
just as definite “implication” systems as that of the 
“Principia,” which have any desired number of inter¬ 
mediate ^toith-values.” One such which has been 
worked out with care is a quadruple system whose 
^^ruth-values” I may call “true,” “probable,” “im¬ 
probable” and “false.” Indeed the resulting system 
bears at least as close a relation to the popular inter¬ 
pretation of these four concepts as doe© the “Prin¬ 
cipia” to the popular interpretations of “true” and 
“false.” 

We are then obliged to conclude, with Lewis, that 
the L. E. M. is not “writ in the heavens,” that it is 
not a law of universal application in logic. Rather 
it “reflects our stubborn adherence to the simplest of 
all possible modes of division, and our predominant 
interest in concrete objects as opposed to abstract con¬ 
cepts.” These words of Lewis should have strong 
import to mathematicians, for in mathematics we deal 
habitually with just such abstract concepts. 

9. Examples. Theory of Pbobabilitt 

Lewis, in the paper cited above, and Lewis and 
Langford, in their “Symbolic Logic” use the phra8438 
“certainly true,” “certainly false,” “doubtful” as 
names for the “truth-values” of a trichotomy. I have 
insisted above upon such situations os actually ex¬ 
istent, useful and commonly employed for praotioal 
ends, with at least as close adherence to the theoretical 
systems as obtains in the dichotomy “true*^ and “false” 
in the logic of ordinary reasoning. 

It would seem that any desired scheme of “truth- 
values,” however numerous, would And again a paral¬ 
lel in human thinking. The quadruple system “true,” 
“probable,” “improbable,” “false,” mentioned above, 
is such a case; though again I must insist that the 
precise rules for implication would be followed no 
more than in the case of ordinary reasoning. To 
obtain a similar parallel to any number of “truth- 
values,” it is only necessary to appeal more openly to 
the theory of probabilities, and to assign to deflnite 
degrees of probability from 0 to 1 various “truth- 
values,” that is, various gradations of certainty. I am 
attempting only to point out that such systems are by 
no means bizarre systems (or at least no more bizarre 
than is the “Principia” system), for something much 
akin to them is actually present in our minds, and 
forms habitually a basis for a great part of our actual 
thinking. 

Nor is the limiting ease of ell this at all bizarre. It 
is quite legitimate to set up a scale of probabilities, 
and we do oozomonly do so, in which each ratumal 
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proper fmotion expresses a degree of probability, 
with the extreme limits 0 and 1, which express im¬ 
possibility and certainty. The parallel logical system 
with an infinite number of graduations in ^'truth- 
values*' from “false'' to ‘*true" appears to be just as 
feasible. Finally, a continuous scale might be estab¬ 
lished in either the popular sense of the theory of 
probability, or in the exact “implication" sense of a 
strict logical system. That the theory of probabilities 
may be thought of, at least informally, as constituting 
in itself a scheme of logical thinking in which there 
are many gradations of “truth-values" may form a 
clue toward rational appreciation of logical systems 
in which the L. E. M. is violated. It is unnecessary, 
however, to pretend to precise correspondence in this 
case, any more than there is precise correspondence 
between the “Principia" system and ordinary reason¬ 
ing, for in each case independent and satisfactory 
proof exists that the logical system in question is 
legitimate. 

10. Conclusions 

1 have attempted to outline in its major details the 
development of the logic of mathematics in recent 
years. If it appear to any that the acceptance of 
such ideas will destroy mathematics or parts of it, I 
would point out that a certain amount of discarding 
of what has been is necessary in order to assure prog¬ 
ress. If we are to deny new developments whenever 
they require relinquishment of the ideas of the past, 
we shall be serving not truth but only our vanity. 

It is indeed true that many famous mathematicians 
have given up in despair. Cantor, Dedekind, Frege, 
all consciously accepted defeat, and bitterly. I have 
mentioned the protest in a former generation of 
Weierstrass; in our generation, of Hilbert; these great 
men cry out that great portions of mathematics will 
fall if such ideas prevail. True, but that is no 
reason why they must not prevail if they bo correct. 

Nor is despair the note of all scholars. Brouwer, 
Weyl, Poincar^, show no sign of pessimism. They, 
and many lesser men, feel only that we may go on to 
new conquests of truth. New minds will arise who 
will carry mathematical truth in the pext generation 
not to destruction, but to yet greater heights, to new 
and higher ideals of rigor. 

For young men, there is a challenge in all this. Not 
that we can presume that Borne can be rebuilt after 
the conflagration in a single day. For a long time we 
must proceed as we now seem to be; asserting that our 
results are valid if we postulate the L. E. M, along 
with onr other postulates. While this is a fundamen¬ 
tally weak situation, in view of our inability to show 
that our postulates are categorical, it is at wont de¬ 


fensible in the present state of our knowledge. We 
must proceed slowly. A vast amount of work that 
should and must be done lies in exploring the whole 
of mathematical literature to determine which the¬ 
orems in a given field require the use of the L. E. M. 
for their demonstration, in the form in which we now 
do demonstrate them. Next, we may find out how to 
give better proofs, in which that law is not assumed, 
at least in some cases. On the basis of any philoso¬ 
phy, such discoveries would bo valuable. For a 
reconstruction of mathematics they are quite neces¬ 
sary. 

Can definitions and existence theorems be revised in 
every field, at least in some cases, so that the oonoepts 
discussed can be actually arrived at in a finite number 
of steps? 

Such reconstructions are in fact already in progress. 
Not only Brouwer, but many others who have seen the 
need for suoh investigation, irrespective of an ulti¬ 
mate acceptance of all that now appears to be true, 
have been working toward these very goals. One need 
by no means accept the intuitionist point of view to 
see the value of such reconstruction. If it be only 
partial in our time, we should not fear the ultimate 
future. Generations yet unborn will doubtless face 
still some of our doubts, some of our problems. 

There is, no doubt, some sense of tragedy in this, as 
in every previous instance of advancing ideals of 
logical exactness. We too lay down our task, unfin¬ 
ished. I sbah only paraphrase the sentiments of great 
mathematicians of the past who have seen their labors 
end ineompleted, if I quote to you some of the Unes 
of a poem of Kipling which I treasure deeply, “The 
Palace"; in it, the master builder, after years of proud 
effort, lays down his task at last, saying: 

When I was a King and a Mason, 

In the open noon of my pride, 

They sent me word from the Darkness, 

They whispered and called mo aside; 

They said: ‘ * The end is forbidden.'' 

They said: * ‘ Thy use is fulfilled; 

(I Tijy Palace shall stand as that other's, 

* ‘ The Spoil of a King who shall build. *' 

I called my men from my trenches, 

My quarries, my wharves, and my shears, 

All I had wrought I abandoned 
To the Faith of the faithless years. 

Only I cut on each timber,— 

Only I carved on each stone; 

' After me cometh a builder; 

Tell him I too have known.” 
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EDWARD BRUCE WILLIAMSON 

Edwa3bd Bruce Williamson^ entomologist and 
naturalist, died at Ann Arbor, Michigan, on February 
28, 1^33, at the age of fifty-five. His boyhood days 
were spent on a farm near Bluff ton, Indiana. After 
graduating from Ohio State University in 1898, he 
was assistant curator at the Carnegie Museum, 1898- 
99, and a fellow at Vanderbilt University, 1900-01. 
From 1905 to 1930 he served as president of the Wells 
County Bank at Bluff ton, and since 1930, as research 
associate at the Museum of Zoology, University of 
Michigan. 

His first paper on the Odomta appeared in 1897 
and in the interval between then and his death he 
published more than 65 papers on this group of in¬ 
sects. Much of the work was done before and after 
banking hours. While the papers were mainly of a 
systematic nature, they also contain much data of a 
general biological nature observed during his extensive 
collecting trips in the United States, Central and 
South America. The value of these contributions is 
attested by the high esteem in which he was held by 
entomologists the world over. In addition to his work 
as an entomologist he was one of the pioneer breeders 
of iris. He developed and placed on the market many 
of the best varieties and his interest in this field was 
maintained until the end. His interests, however, were 
not limited to these two fields. In his earlier years he 
had collected birds’ eggs and during his boyhood days 
he was much interested in pets. In fact, he was inter¬ 
ested in all living things, a naturalist in the true sense 
of the word. 

The things which have been said, however, give to 
the stranger no real concept of Bruce Williamson. 
One had to know him personally in order to appre¬ 
ciate him. He was a rare personality ^ an amateur in 
spirit and enthusiasm, energetic, stimulating alike to 
the non-scientist as well as the scientist. So con¬ 
tagious was his enthusiasm for natural phenomena 
that he was able to interest either children or adults 
in the things he was doing. It was literally impossible 
to be around him without getting an insect net to 
chase dragon-flies or without planning an iris garden. 
One could not remain static in his presence, because 
of his seemingly inexhaustible supply of energy. 
Perhaps, because of the use of so much energy, his 
death came somewhat prematurely, but who can say 
that he did not live more richly and abundantly than 


those of us who creep at a slower pace. We who 
had the privilege of knowing him intimately prised 
his friendship in a way difficult to express in words, 
and hence his loss to us is the greater. The world 
would be richer if we had more naturalists like him. 

Fjcrnandus Patnb 

RECENT DEATHS 

The death is announced of Dr. Frank Mann Life, 
physicist, dean of the College of Letters, Arts and 
Sciences at the University of Arizona. He was in his 
sixty-third year. 

John Lemuel Stone, emeritus professor of farm 
practise at the New York State College of Agriculture 
at Cornell University, died on March 8. He was in 
his eightieth year. 

Charles E. Evkleth, a vice-president of the Gen¬ 
eral Electric Company and formerly manager of the 
Schent)ctady plant, died on March 36, at the age of 
fifty-seven years. 

Dr. Royal Eixiar Jeffs, associate professor of bot¬ 
any in the University of Oklahoma, died on February 
17, at the age of fifty-three years. 

Arthur Bliss Seymour, since 1886 assistant in the 
cryptogamic herbarium at Harvard University, died 
on March 29, at the age of seventy-four years. 

Dr. Fernando Wood Martin, formerly vice-presi¬ 
dent of Randolph-Maoon Woman’s College and for 
thirty-six years head of its department of chemistry, 
died on March 22, at the age of sixty-nine years. He 
retired in 1929 as emeritus professor. 

The Rev. Frederick L. Odgnbach, 8,J., for the 
past forty years meteorologist and seismologist at 
John Carroll University, Cleveland, Ohio, died on 
March IS, at the age of seventy-five years. It was 
through Father Odenbach’s influence and initiative 
that seismographic equipment was installed and sta¬ 
tions were organized at fifteen Jesuit eoUeges and uni¬ 
versities in the United States and Canada during the 
years 1909 to 1912. 

Dr. William Henry PoRimi, professor emeritus of 
pathology and internal medicine at the New Yoric 
Post-Graduate Medical School, died on March 27. He 
was in his eightieth year. 

Db. John Millar Thomson, emeritus ptofeseor of 
chemistry at King’s College, London, died on March 
22, at the age of eighty yeans. 


SCIENTIFIC EVENTS 

INTERNATIONAL STANDARD FOR THE wrdintioii of tho 08troB>pn>dtuni|ff hoiUOM. Sir 
OVARIAN FOLLICULAR HORMONE Henry Dale presided over the wWeA mse 

Dttbinq the past summer the Health Organization eompoeed of A. Buteoandt, B. A. Doisy, E. 
of the League of Nations held a meeting on the standr O. F. Manian and A. B. Paa^es. In an iiibmiaibtii: 
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fom the most important points of the agreement 
were: 

(1) That a material standard preparation should be 
preserved as a central standard of reference. 

(2) That this material standard should consist of the 
h^droxj'ketonic form of the hormone. 

(8) That the various countries will be invited to con¬ 
tribute samples which will be combined to form the 
standard preparation. 

(4) That the unit will be the specide estrus-producinfr 
activity contained in 0.1 gamma of the standard prepara- 
tionu 

(6) That by the term '‘estrus-producing activity*' is 
to be understood the power of producing in an adult 
female animal completely deprived of its ovaries an 
accurately recognizable degree of the changes charac¬ 
teristic of normal estrus, i.e.| the changes in cellular con¬ 
tents of the vaginal secretion of the rat or mouse. 

(6) That the comparison of an unknown preparation 
with the standard can only be accurately made if the 
conditions of administration and interpretation of results 
are identical. 

(7) That a bio-assay procedure, which has been proved 
to be capable of determining the equality of activity 
with an error not greater than plus or minus 20 per 
cent., should be used in comparing a preparation with the 
international standard. 

(8) That proper precautions will be observed in the 
preparation and storage of the intemational standard. 
The international standard will be kept at the National 
Institute for Medical Beseaich in London, but a portion 
will be available for distribution in each country. 

The adoption of an intemational standard should 
solve many of the vexing problems of bio-assay of the 
estrus-produoing hormone. In the past, many modi- 
dcations of the original Allen-Doisy bio-assay pro¬ 
cedure have been introduced. This has led to a great 
many different units, since so many different factors 
alter the absolute weight of the hormone required to 
produce estrus. The result was that no investigator 
could compare his results with those of another inves¬ 
tigator with any feeling of assurance of accuracy. 
WiUi the establishment of an international standard 
it is hoped that investigators will make use of this 
standard preparation and that pharmaceutical houses 
will also label their products in terms of the interna¬ 
tional unit. 

E. A. D. 

THE ELEVENTH INTERNATIONAL SYMPO¬ 
SIUM ON PHYSICS AT THE UNIVER¬ 
SITY OF MICHIGAN 

Tnt eleventh Intemational Symposium on Physics 
at the summer session of the University of Michigan 
will be held as usual. Owing to reduced university 
approprintioQs its support has been provided for 
frmA private sourees. 

The foreign leeturets this year will be Professor 


Niela Bohr, of the University of Copenhagen, Nobel 
laureate, the founder of modem atomic physics, and 
Professor Enrico Fermi, of the Royal University at 
Rome, authority on quantum theory. Professor John 
H, Van Vleck, of the University of Wisconsin, spe¬ 
cialist in the theory of magnetism, will also lecture, as 
will Professors Ernest F. Barker, David M, Dennison 
and George E. Uhlenbeck, of the university. 

Dr. Edward H. Kraus, dean of the summer session, 
states that the symposiiun brings together annually 
leading native and foreign authorities who conduct 
classes and meet together with their students in give 
and take discussions of both the theoretical and ex¬ 
perimental aspects of the laws of the atom, infra-red 
rays, the revelations of the spectroscope and like 
problems. 

In recent years physicists from outside the United 
States who have attended the symposium include Pro¬ 
fessors Erhenfest, of Leiden; Heisenberg, of Leipzig; 
Sommerfeld, of Munich; Pauli, of Zurich, and 
Kramers, of Utrecht, as well as Brillquin, of Pans; 
Dirac, of Cambridge, and Milne, of Oxford. 

GEOLOGY AND GEOGRAPHY AT THE CHI¬ 
CAGO MEETING OF THE AMERICAN 
ASSOCIATION 

SECTION E of the American Association fof the 
Advancement of Science will meet in Chicago on 
Tuesday, Wednesday and Thursday, June 20, 21 and 
22 in conjunction with members of the Geological 
Society oft America, the Geographical Society of Chi¬ 
cago and other affiliated organizations. The Hotel 
Southmoor at Sixty-seventh Street and Stony Island, 
will serve as headquarters. An informal dinner will 
be held on Tuesday evening at the University of Chi¬ 
cago and will be followed by a lecture on ^‘Variation 
and Evolution in Earth History” by Professor Al¬ 
brecht Penck, Berlin, who with Professor J. J. Seder- 
holm, Helsingfors, Finland, is among the foreign 
guests who will address the members of this section 
und their friends. The meetings will bo held at the 
University of Chicago and at the Field Museum of 
Natural History. 

The Tuesday morning session will be devoted to 
papers on general geology and, if necessary, the read¬ 
ing of papers will be continued on Tuesday afternoon. 
On Wednesday afternoon th^e will be a joint session 
with the physicists, chemists and astronomers, devoted 
to.f^ symposium on “The Measurement of Geologic 
Time.” Among those who will participate in this 
symposium are: A. F, Kovarik, A. C. Lane, H. 
Schlundt, A. V. Grosse and W. D. Urry. For the 
Thursday session, which will be held jointly with the 
Ge(%raphical Society of Chicago, a program of papers 
on geography is being arranged by Professor Charlc?8 
C. Colby, of the University of Chicago. 
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Local arrangements ai-e in charge of Professor D. 
Jerome Fisher, of the University of Chicago. Hotel 
. reservations should be made directly with the Hotel 
Southmoor. Titles and abstracts of papers for the 
program on geology should bo submitted to Professor 
Kirtley F. Mather, Harvard University, Cambridge, 
Massachusetts, prior to May 10. 

AWARD TO PROFESSOR H. C. SHERMAN 

The medal of The American Institute of Chemists, 
presented annually for outstanding service to chem¬ 
istry in America, has boon awarded this year to Dr. 
H. C. Shennan, head of the department of chemistry 
at Columbia University, according to an announce¬ 
ment made by President Henry G. Knight from the 
office of the institute. The award is made in recog¬ 
nition of Dr. Shoman’s food researcheB, and his ser¬ 
vices to the profession through the training of chem¬ 
ists. 

One of the pioneers in food chemistry from the time 
he £jst began to teach at Columbia in 1898, Dr. Sher¬ 
man has been prominent most recently for his studies 
of the effect of diet on longevity, carried out in col¬ 
laboration with the Carnegie Institution of Washing¬ 
ton. He was the first to insist on quantitative analy¬ 
sis of iron and other minerals in foods; and he has 
also carried out research on enzymes and on the vita¬ 
min values of foods and the significance of vitamins 
in nutrition. 

Dr. Sherman^s work for fifteen years with the food 
supply oommittoe of the New York Association for 
Improving the Condition of the Poor has resulted in 
a marked improvement in the food and nutrition con¬ 
ditions of the average New York family. 

Describing Dr. Sherman’s work as “use-research,” 
Dr, Knight called for increased scientific efforts to 
teach people how to live intelligently. “Industry can 
always afford to pay for the discovery of products it 
can sell,” Dr. Knight said, “but only educational in¬ 
stitutions, subsidized foundations and state and na¬ 
tional governments can improve living conditions by 
showing people how to use the things they already 
have. The individual can not pay for his own nutri¬ 
tion research. Instead, he pays for medicine and doc¬ 
tors, after he has guessed wrong.” 

Last year’s medalist of the American Institute of 
Chemists was Dr. Charles H. Horty, whose newly dis¬ 
covered process for making paper from the Southern 
slash pine has just turned out its first mill run of 
newsprint. Other past medalists include Andrew W. 


Mellon and Richard B. Mellon, honored for eBtablish- 
ing the Mellon Institute for Industrial Research; the 
late George Eastman, who made fine oiganio chem¬ 
icals available to the chemists of the country, and Mr. 
and Mrs. Francis P. Garvan, who established the 
Chemical Foundation. 

The medal will be presented to Dr. Sherman at the 
annual meeting of the American Institute of Chem¬ 
ists, to be hold in New York in May. 

PROFESSOR EINSTEIN AND THE 
PRUSSIAN ACADEMY 

Accxirding to a special cable to the New York 
Timesf the Prussian Academy of Science accepted on 
April 1 the resignation of Professor Einstein and 
announced that he was renouncing the Prussian citi¬ 
zenship conferred on him in 1913 on his admission to 
membership. He was bom in Ulm, Germany, but 
subsequently his family moved to Switzerland and 
he became a Swiss citizen. 

Professor Einstein has also withdrawn from the 
management of the Ksdser Wilhelm Institute, which 
recently appealed in the United States for funds for 
the construction of a new physical laboratory. 

The Prussian Academy, its statement declares, 
“learned with indignation of Professor Einstein’s 
participation in atrocity propaganda in Amerioa and 
France” and immediately demanded an explanation. 
His reply, it is stated, was that be “could no longer 
serve the state under the present government.” 

“The Prussian Academy,” the announcement con¬ 
tinued, “deplores Professor Einstein’s propagandist 
activity abroad the more since, of old, the academy 
and its members have felt themselves intimately con¬ 
joined with the Prussian State and for all the strict 
reserve they have maintained respecting political ques¬ 
tions, have always emphasized and preserved the idea 
of nationality. The academy, therefore, has no reason 
to regret Professor Einstein’s retirement.” 

It is further reported that funds and securities in 
a Berlin bank have been seized by the Nazi Govern¬ 
ment “to prevent their use for treasonable purposes.” 

Professor and Mrs. Albert Einstein arrived at Ant¬ 
werp aboard the liner Belgerdand on March 28. 
Mayor Camille Huysmans went aboard to welcome 
them. Professor de Groodt, who lives near Antwerp, 
will be their host for several days. They plan to re¬ 
main in Belgium four or five months, taking a cot¬ 
tage at Coq-sur-Mer near Ostend. Professor Meyer, 
his assistant, will join him. 


SCIENTIFIC NOTES AND NEWS 

Announcement of the establishment of the Elihu on March 29 by President Karl T. Compton, at the 
Thomson Professorship of Electrical Engineering at dinner given at the institute to Professor Thomsem 
the Massaohusetts Institute of Technology was made in honor of the eightieth anniversary of his birOidi^. 
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In announcing the plan, Dr. Compton &aid that the 
institute’s executive committee had voted to establish 
the professorship ^^under terms which may be expected 
continually to draw as the inounabent a man of such 
qualifications for teaching and research as shall fit¬ 
tingly and permanently carry forward those high 
ideals of creative scholarship and productive service as 
have so distinguished the man whose name this pro¬ 
fessorship will bear." 

Dh. Ltman J. Briggh has been nominated by Presi¬ 
dent Boosevelt to be director of the National Bureau 
of Standards. Dr. Briggs, who had been acting di¬ 
rector since the death of Dr. C. K. Burgess, had been 
previously nominated for the position by President 
Hoover, but the appointment had not been confirmed 
by the Senate. 

Dr. WiiJ.iAM I. Mters, professor of farm manage¬ 
ment at the New York State College of Agriculture 
at Cornell University, has been appointed assistant 
secretary to Henry Morgenthau, Jr., chairman of the 
Federal Farm Board. Dr. Myers has been given leave 
of absence from the university until October. 

Dr. S. H. Knight, professor of geology at the Uni¬ 
versity of Wyoming, has been appointed state geolo¬ 
gist, as the office of state geologist at the State Capitol, 
Cheyenne, has been abolished. The Legislature has 
provided for the ci*eation of the Geological Surv<^ of 
Wyoming, to function under the department of geol¬ 
ogy of the University of Wyoming. 

Dr. Ltican J. Briggs, Walter S. Gifford, Admiral 
William V. Pratt and Dr. Alexander Wetmore have 
been elected trustees of the National Geographic So¬ 
ciety. They will fill vacancies caused by the deaths of 
former President Coolidge, Dr. George K. Burgess, 
Rear Admiral Colby K Chester and O. P. Austin. 
George W. Hutchinson has been elected secretary of 
the society. 

Dr. j. T. Dunn has been elected president of the 
British Society of Chemical Industry for the year 
1933-34 in succession to Dr. R, H. Pickard. Dr, 
Dunn is the public analyst of Northumberland and 
I'opresents the Fuel Research Board on the North 
Eastern Coalfields Survey. 

Db, Harvby Cushing, Moseley professor of sur¬ 
gery, emeritus, at the Harvard Medical School, has 
been appointed an associate fellow of Trumbull Col¬ 
lege, one of the new colleges in Yale University. 

Thb Langxmiir Award of the American Chemical 
Society for chemical research has been conferred this 
year on Dr. Prank Harold Spedding, of the Univer¬ 
sity of California. The award, which carries a prize 
of $1,000, is for Dr. Spedding's study of the atom by 
speetrographio methods. 


Dr. Charles A. Moss and Herbert D. Brown, of 
the General Electric Company, recently received 
Charles A. Coffin Foundation awards from the com¬ 
pany. Dr. Moss was cited for his design of the cen¬ 
trifugal supercharger or “tamed torpedo" which rein¬ 
forces airplane engines, and Mr. Brown received the 
award because of his work in the development of the 
mercury-arc rectifier. These awards, established in 
memory of Charles A. Coffin, first president of the 
General Electric Company, are granted each year for 
outstanding service in advancing electrical industry. 

Dr. Dickinson W. Richards, Jr., assistant pro¬ 
fessor of medicine in the Columbia University School 
of Medicine, has received the Walter Belknap James 
Fellowship for 1933-34, in recognition of his research 
on “Blood Flow in Cardiac Disease.” 

Db. Rotd R. Satebs, of the U. 8. Public Health 
Service, who has been assigned to the U. S. Bureau 
of Mines for the past sixteen years, has been trans¬ 
ferred back to the service to take charge of the divi¬ 
sion of industrial hygiene and sanitation. Dr. Albert 
Eugene Russell will succeed Dr. Sayers. 

The American Physics Teacher, the initial number 
of which appeared in March, is a new quarterly 
journal sponsored by the American Association of 
Physics Teachers, It is an addition to the list of 
seven periodicals which the American Institute of 
Physios now publishes. Devoted to the interests of 
teachers of physics, the journal will feature articles 
on the teaching of physics and related problems, and 
will have departments devoted to discussion, labora¬ 
tory and demonstration apparatus and abstracts. 
The editor is Dr. Duane Roller, associate professor 
of physics at the University of Oklahoma. Associate 
editors are: Dr, A. A. Knowlton, Reed Collegej Dr. 
C, J. Lapp, University of Iowa; Dr. Louise S. Mc¬ 
Dowell, Wellesley College; Dr. F. K. Richtmyer, Cor¬ 
nell University; Dr. L* W. Taylor, Oberlin College, 
and Dr. David L. Webster, Stanford University. 

Nature writes: “With the close of 1932, Mr. T. 
Sheppard retired from the editorship of the Natural¬ 
ist, having served it as editor for thirty years. As an 
illustrated monthly journal, designed for readers 
within the domain of the Yorkshire Naturalists’ 
Union, the Naturalist has znatfiiained a high standard, 
and in its comments and reviews it conveyed a touch 
of thib editor’s vitality and boisterousness. The occa¬ 
sion of his retirement was made an opportunity of 
presenting Mr. Sheppard with his portrait in oils by 
Mr. Vincent Galloway.” 

Db." Donald A. Laird, director of the psychological 
laboratory of Colgate University, has been appointed 
to supervise the exhibit on sleep and fatigue for the 
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Caitury of Progress Exposition. The exhibit, whkh 
is being supported by the Master Bedding Makers of 
America, will feature the actual use of apparatus used 
on recent studies of sleep and fatigue at several uni¬ 
versities, giving visitors an opportunity to take some 
of the tests. 

The Committee on Scientific Research of the Amer¬ 
ican Medical Association has made grants to Dr. 
James L. O'Leary, of the department of anatomy of 
Washington University Medical School, St. Louis, to 
aid his work on the nervous mechanisms controlling 
blood pressure, and to Dr. Helen C. Coombs, of the 
department of physiology of the New York Homeo¬ 
pathic Medical College, for an investigation of the 
effects of bromides on experimentally induced con¬ 
vulsions. 

Dk. PAUt Babtsch, Smithsonian Institution biolo¬ 
gist, who led the Johnson-Smithsonian Deep-Sea Ex¬ 
pedition to investigate the Puerto Rico Deep, has re¬ 
turned to Washington. Some of the specimens ob¬ 
tained by the expedition at depths extending to 3,200 
feet are believed to be new. The expedition was made 
possible through the generosity of Mr. Eldridge R. 
Johnson, of Philadelphia, who placed at the disposal 
of the Smithsonian Institution his motor yacht Caro- 
lincj and who himself accompanied the expedition. 
Much of the scientific work was made possible by the 
gyro-stabilizer equipment of the yacht, which elimi¬ 
nated roiling. 

Dr. Walter Hough, of the U. S. National Museum, 
who has been conducting field-work in southern Ari¬ 
zona for the past two months, was expected to return 
to Wasliington at the end of March. 

r. Truueb Davison, president of the American 
Museum of Natural History and until recently As¬ 
sistant Secretary of War for Aviation, and Mrs. Davi¬ 
son, will leave in June for a two months' exploration 
of the Kenya jungles of East Africa. They will join 
Mr. and Mrs. Martin Johnson on their trips, and will 
live at their home at Nairobi, on Lake Rudolf, 

Professor H. J. Muller, of the University of 
Texas, is spending the year abroad as fellow of the 
Guggenheim Foundation and has been working at the 
Kaiser Wilhelm Institute for the Study of the Brain 
at Berlin-Buch. Ho delivered a lecture at the insti¬ 
tute on March 9. His subject was “Studies on Muta¬ 
tion.” 

The subjects of the Dohme lectures to be given on 
April 20, 21 and 22 by Sir Henry Dale at The Johns 
Hopkins University under the general title of “Prog¬ 
ress in Autopharmacology” are: “The Action of His¬ 
tamine, and the Evidence Restricting its Probable 
Significance. Evidence for Other Natural Vasodi¬ 
lators.” “Acetylcholine; its NatipJ’aL Occurrence and 


Probable Function. Adenosine and its Derivatives/’ 
“Kallikrein. Vasodilators from Blood-veBsele, Blood, 
Intestine and Brain. A General Survey of the Pos¬ 
sible Functions of Such Constituents of the Tissues, 
in Relation to Those of Nerves and Specific Hor¬ 
mones.” 

Professor Otto Hahn, director of the Kaiser Wil¬ 
helm Institute for Chemistry at Berlin, lectured on 
April 0 and 7, under the auspices of the Carnegie In¬ 
stitute of Technology at Pittsburgh on “Radioactive 
Elements and their Use in Chemical Research” and on 
“Gaseous Radio-elements and their Applications.” 
Under the auspices of the Royal Canadian Institute, 
he lectured at Toronto on April 8, discussing in a 
popular manner progress “From the Ponderable to 
the Imponderable” in chemical work. Professor 
Hahn is the George Fisher Baker non-resident lec¬ 
turer in chemistry at Cornell University during the 
Spring semester, where he is lecturing on “Applied 
Radiocheraistry.” 

Phofiissob WiLLiAH D. Harkins, of the University 
of Chicago, gave on March 21 the last of a aeries of 
lectures* on “The Neutron and Modem Alchemy.” 
These lectures were presented at the University of 
Michigan, Princeton University, University of Kansas, 
University of Iowa, University of Chicago, Iowa State 
College, Kansas State CoUege, University of Missouri, 
University of Indiana, and to sections of the American 
Chemical Society at Kansas City, Omaha, Chicago, 
Indiana, Wilmington, Philadelphia, and at the Re¬ 
search Laboratory of the Corning Glass Company. 

The Iowa Academy of Science will hold it« forty- 
seventh annual meeting at Coe College, Cedar Rapids, 
Iowa, on April 21 and 22. Professor H. J. Gilkey, 
head of theoretical and applied mechanics at the Iowa 
State College, will be the speaker at that meeting. 
His subject will be “The Hoover Dam.” Mr. Gilkey 
is a member of the board of consulting engineers on 
concrete problems for the Hoover Dam. 

The department of geology and geograifiiy of 
Northwestern University announces the institution of 
an exchange of lectures with Washington University, 
St. Louis. Under this arrangement Chester K. Went- 
wortii, associate professor in the department of geol¬ 
ogy and geography, gave five lectures at Northwestern 
University, and Dr. Charles H. Bebre, Jr,, associate 
professor of economic geology, gave a similar series 
of lectures at Washington University. Profesaor 
Bdire's lectures dealt principally with ^ gsology of 
central Colorado and with varions phases of 
geology, and those given by Professor Wentworth with 
problen» of sedimentatioa and glaeigtion* i^wfesior 
Wentworth also spoke before the Society of the fiigmi 
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Xi of Northwestern University on *Tower Sites in the 
Missouri River Basin/’ 

Ukdeh a plan of exchange speakers the Iowa and 
Missouri Chapters of the Society of Sigma Xi have 
cooperated this winter. Professor A. G. Hogan, of 
the University of Missouri, addressed the Iowa Chap¬ 
ter at its first soir6e on December 14, discussing ^‘Nu¬ 
tritional Deficiency Diseases.” On March 31, Dean 
George F. Kay, of the University of Iowa, addressed 
the Missouri Chapter on “Glaciation : the Background 
of Mississippi Valley Development.” At the annual 
election of the Iowa Chapter of the Society of 
Sigma Xi new officers for the 1933-1934 period 
were named. Professor Henry A, Mattil succeeds 
Professor J. II. Bodine as president; Professor Nor¬ 
man C. Meier succeeds Professor John A. Eldridgo as 
vice-president; Professor E. P. Tyndall succeeds Pro¬ 
fessor A. C. Tester as secretary; Professor Roseoe 
Woods completes a two-year term as treasurer. The 
society has sponsored a program of exchange speakers 
and soirees conducted by the College of Medicine, the 
College of Engineering, the department of mathe- 
maticss, and the department of geology. Professor J 
Harlen Bretz addressed the society on February 15, 
on “The Grand Coulee,” at the soir^ conducted by the 
department of geology. 

Announcemext is made that Sir Henry Dale, di¬ 
rector of the National Institute for Medical Research 
of England and a leading authority on pharmacology, 
will be the principal speaker at the dedication of 
the new Merck Research Laboratory, to take place 
at Rahway, New Jersey, on April 25. Dr. Dale will 
be welcomed by the following guests of honor, who 
have accepted invitations to be present on the occa¬ 
sion of the formal dedication: Representing chemistry 
and the chemioal industry, Lammot du Pont, president 


of Ed I. du Pont do Nemours and Co., Inc., chairman 
of the Board of General Motors, Inc., president of 
the Manufacturing Chemists’ As.sooiation; represent¬ 
ing pharmacy and the pharmaceutical industry, J. K. 
Lilly, chairman of Eli Lilly and Company; represent¬ 
ing medicine and the Public Health Service, Surgeon 
General Hugh S. Cumming, of the United States 
Public Health Service. The State of New Jersey will 
be represented by Governor A. Harry Moore. Over 
throe hundred leaders in medicine and chemistry of 
the country will be present at the dwlication. 

The Johns Hopkins Alumni Magazine reports that 
a gift of $6,000 for the continuation of Dr. J, J. 
Abel’s work on the pharmacology and chemistr>' of 
insulin has been received from the Commonwealth 
Fund. 

Museum News states that the University of Rich¬ 
mond, Richmond, Virginia, will open a museum of 
biology in April. The museum will bo housed in the 
new biology building of the university. It will occupy 
a room 34 by 40 feet with high windows so that 7-foot 
cases can stand beneath them, a room equipped with 
steel herbarium cases, and a room with 150 glass top 
insect oases in special cabinets and display cases. 
The case equipment is of bronze and plate glass Vy 
Russell, In addition, display cases will be set up in 
the halls and in each of the laboratories, and there will 
be a room with 24 cages for live animals, 22 aquaria 
of 12 to 20C gallons capacity, and a greenhouse on 
the roof. Other material besides the biological ex¬ 
hibits will also be shown in the museum. The build¬ 
ing in which the museum is housed is three stories 
high, of brick and concrete, and includes lecture rooms, 
store rooms and the library of the department of 
biology with 500 feet of book-shelf space. Dr. John 
Wendell Bailey, professor of biology, is in charge. 


DISCUSSION 


NAMING THE GRAND CANYON 

Thebb seems to be some uncertainty in the public 
mind as to when the Grand Canyon was named and 
who named it. The first Spaniards to see it were 
members of a scouting party of the Coronado expedi¬ 
tion in 1540 under Don Garcia Lopez de Cardenas, 
but, so for a| the available records go, no name was 
then given to the great chasm. It was more than 
three oenturies after this discovery by Cardenas that 
the canyon came into common knowledge though 
still with no name. 

At laat, in^ X858, lieutenant Ives and Professor 
Ne^rry wrote of it as the Cafion” and the 
CajSon.” Then came Major Powell, in 1869, 


who was the first to explore its depths by descending 
through it in rowboats and he called it the “Grand 
Canon,” 

In 1871 and 1872 Major Powell made a second 
descent of the Green and Colorado rivers. His report, 
published after this, spoke ofrit as the Grand Canon 
(the Englished spelling “Canyon” was adopted later). 
The' name was not recorded on any map till his 
topographers (of whom 1 was one) produced the 
first preliminary map of the region in the winter of 
1872--7S in a tent in Southern Utah. 

On, Powell’s first (1869) trip through the Grand 
Canyon it was not yet definitely named by him. John 
C. Sumner, one of his most active and intelligent 
men, says in,a narrative he later wrote; 
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About fifteen miles below the Little Colorado the first 
bad rapid occurs in what 1 wanted to name Coronado 
Canyon, Major Powell told me it should bear my name 
if he got through and ever had the opportunity to place 
it on the Government map. Well, he got through all 
right, but forgot his vows and named it Grand Canyon. 

There is no doubt whatever that the Grand Canyon 
was named by Major Powell not long after he came 
out of it on his 1869 trip. 

FrEDEUIOK S. DKLLENBAUOn 

New Y(MtK 

THE REACTION OF INDIVIDUAL BACTERIA 
TO IRRADIATION WITH ULTRA¬ 
VIOLET LIGHT 

Students of the effect of ultra-violet light on 
bacteria have commonly accepted absence of multi¬ 
plication, tested by clouding of broth or by colony 
fomation, as the Criterion of bactericidal action. This 
is a convenient but arbitrary endpoint, for “death*' 
is not necessarily coincident with failure to multiply. 

Observations on single organisms (B. coli com¬ 
munis) in the first hours after irradiation with mea¬ 
sured monochromatic light, 2377 to 3022, show that 
there is a wide reaction zone between the behavior 
of cells which are not visibly affected and those 
which seem to be killed outright by the exposure. 
Single organisms which apparently have been un¬ 
affected grow and divide regularly on the surface of 
nutrient agar, producing typical colonies of normal- 
looking bacteria that ultimately coalesce into a con¬ 
fluent growth. Organisms which are exposed to 
quickly lethal doses show no increase in size and no 
cell division, but soon lose their high refraotility, be¬ 
come beaded or irregularly refractile and degenerate 
into ghosts or shadows which are undoubtedly dead. 
In the intermediate zone between these two extremes 
the irradiated organisms, present a remarkable pic¬ 
ture. They increase in size, especially in length, 
without apparent inhibition, but do not divide when 
the normal adult stage is reached; so that long fila¬ 
ments of clear, highly refractile protoplasm are 
formed that look like spaghetti and may attain mea¬ 
sured lengths of 50 to 160 microns. The transverse 
diameter is 1 to 3 times that of normal bacteria. 
These long forms are actively motile in a fluid medium, 
progressing with a sinuous motion, or drilling back 
and forth like spirochaetes. In 2 to 4 hours at 37.6® 
C the cells reach a limit of individual growth, forming 
long rafts of parallel filaments on an agar surface. 
Then cell division or degenerative changes begin. (1) 
The long colls may undergo a gradual degeneration, 
with loss of hyaline refraotility, beading and ghost 
formation. (2) They may divide by cross fission into 
a number of large or small units, which then degener¬ 
ate without further growth. (3) One or more normal¬ 


looking daughter ceUs may pinch off at one end and 
multiply rapidly to colony formation. The rest of 
the filament follows courses 1 or 2 above. Daughter 
cells have not been observed to form filaments; the 
reaction is limited to cells directly exposed to ultra¬ 
violet light. 

Here is an apparent separation of two coordinate 
functions commonly essential to life. Cell division is 
regrulated by a mechanism which is much more sen¬ 
sitive to wave-lengths below 3,000 than is the con¬ 
comitant function of growth. By appropriate ex¬ 
posures the one can be temporarily or permanently 
suppressed, while the other proceeds for hours with¬ 
out hindrance. Ultimately, however, a limit is 
reached, and unless the division mechanism is restored 
the cell degenerates. A further study of this cell 
reaction is in progress. 

Frederick L. Gates 

Harvard Universitt 

LACTOBACILLI IN FROZEN PACK PEAS 

MiorobioloqicaIi analyses of frozen pack peas held 
in storage from 1 to 26 months show that lactic acid 
bacteria tolerate well cold storage temperatures. The 
peas under consideration, representing several batches, 
were packed in a variety of ways—blanched and un- 
blanched, dry and in brine, in 1 pound paper con¬ 
tainers, and in No. 2 tin cans both vacuumized and un- 
vacuumized. The storage temperature in most cases 
was 15® F., though some containers of the current 
year's pack were held at minus 5® F. 

Some 40 samples from the different packs have 
been studied from the spoilage view-point alone, the 
containers being held at ordinary room temperature 
for 2 to 7 days, at the end of which time the con¬ 
tents were analyzed bacteriologically. Without ex¬ 
ception the peas presented a bleached appearance and 
had a sour odor. Those in tin had developed more or 
less pressure in the container. The clouded liquors 
gave positive ferric chloride tests for lactic acid. 
Acidities of 1.0 to 1.3 per cent., calculated as lactic 
acid, were found, and the pH values ranged between 
4.2 and 4.6. Direct microscopic examination in¬ 
variably showed gram-positive rods, and medium¬ 
sized gram-negative rods were often present, but in 
smaller numbers. Appropriate cultural technique 
yielded the Aerobacter aerogenes (“colon”) type and 
lactobacilli. 

Study of 16 cultures of the lactobacilli isolated 
places the majority with the Lactobacillus oucumerie 
type, since they ferment arabinose and trehalose in 
addition to sucrose, dextrose and maltose. Inoculation 
of pure cultures of these into sterile peas yielded 
products entirely similar to the fermented frozen pack 
peas as regarded appearance, sauerkraut-like odor and 
acidity. 
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Organisms of this type are widely distributed and 
occur ednmionly on vegetables, and their presence on 
shelled peas is to be expected. Since they are not 
spore formers, it is noteworthy that they withstand 
a temperature of 15° F. for over 2 years. While no 
peas stored at minus 5° F. for more than a month 
have to date been analyzed, the lactobacilli in all 
probability would persist at this temperature, for ex¬ 
perience has shown that mioro-organisms generally 
tolerate zero Fahrenheit as well as or better than 
higher freezing temperatures. 

James Alex. Berry 

U. S. Bureau or Plant Industry 
Seattle, Washington 

VITAMIN A IN THE PIMIENTO PEPPER 

The pimiento pepper is utilized in the culinary art 
chiefly as a condiment. This rather limited use in 
the diet may perhaps be an explanation for the rela¬ 
tive paucity of research concerning its food value. 

MacLeod and Booher^ report that the vitamin C 
content of the canned product is equivalent to that of 
fresh grapefruit, and analyses have determined its 
chemical composition.^ Capsanthin, or an allied pig¬ 
ment so masks any other color present in the pepper 
that it seems expedient at this time to call attention 
to its high carotene content. 

In the biological study the Sherman technique was 
followed. Rats varying from 40 to 50 grams at wean¬ 
ing were put upon his vitamin A-free diet until 
symptoms of depletion were manifest, i.e,, signs of 
ophthalmia and stationary or slightly declining 
weight. Fresh, commercially canned and dried pepper 
were each then fed upon three different levels with 
an average of eighteen animals in the several groups. 

This preliminary investigation has shown that, com¬ 
puted upon the dry basis, four milligrams of pepper 
induced a growth response above that of the Sherman 
unit. Further, a chemical assay has indicated from 
200 to 300 mg of carotene per kilogram of the dried 
material. Work is in progress to establish the unit 
level for the pimiento popper and to ascertain its 
carotene value. 

IjKAH Ascham 

Georgia EtoxaiicENT Station 

EARTHQUAKES IN THE HOLY LAND: 

A CORRECTION 

Ik an article on earthquakes in the Holy Land^ 
there is given a list of 207 sbooks, of which there is 
record, between the years 1606 B. C. and 1027 A. D. 

1 Grace MacLeod and Lela Booher, ^ ^ The Antiscorbutic 
Vitamin Content of Some Preserved Foods," Jowr. Boms 
221 588 . 1030 . 

*J. G. Woodroof and J. E. Bailey, “Pimiento Pep¬ 
pers/^ Go. 6<a. BvU,, 150. 1920. 

Soitmol, 8oe. Arner,, Vol 16, 1028. 


Among these are 27 dates from an Arabian authority, 
As-Soyuti, whose work appears in translation in the 
Journal of the Asiatic Society of Bengal, In tran¬ 
scribing these dates 1 failed to observe that they were 
stated as A. H., t.e., Anno Hejira, instead of Anno 
Domini, They are, therefore, as quoted in my list 
something over six centuries too early. The corrected 
dates are as follows: 


A.H. 

A.D. 

A.H. 

A.D. 

A.H. 

A.D. 

04 

712 

434 

1042 

562 

1157 

98 

716 

455 

1063 

565 

1169 

130 

747 

460 

1067 

575 

1179 

220 

835 

462 

1069 

578 

1182 

233 

847 

479 

1086 

697 

1200 

242 

856 

484 

1091 

600 

1203 

245 

859 

632 

1137 

702 

1302 

303 

1002 

538 

1143 

791 

1388 

425 

1083 

551 

1156 

889 

1484 


Inasmuch as the Hejira dates from July, 622 A. D., 
and there are adjustments of the calendar dates for 
fractions, these figures may be off one year. It is 
also probable that the original dates are approximate. 
Hence where As-Soyuti differs by a year from others 
given in the list as published, one shock only is 
presumably meant. 

In this connection I would call attention to a very 
ancient, yet definite observation regarding the now 
well-known earthquake fault that traverses the east¬ 
ern slope 0 ^ the Mount of Olives; 

And His feet shall stand upon the Mount of Olives 
which in that day is before Jerusalem on the east; and 
the Mount of Olives shall be cleft in the midst there¬ 
of toward the east and toward the west, and there shall 
be a very great valley; and half of the mountain shall 
remove toward the north and half of it toward the 
south.2 

Activity on this fault was the occasion of destruc¬ 
tive tremors in 1927, That it was the scene of more 
obvious displacement some 2,600 years earlier we can 
not doubt in view of the graphic description of the 
Old Testament writer, although bis identity and the 
exact date of his prophecy are matters of uncertainty, 
especially with reference to this particular passage. 

Bailey Willis 

Stanford University ^ 

A RARE PUBLICATION 

The library of the Academy of Natural Sciences 
of Philadelphia recently acquired from a dealer in 
second-hand books a copy of Volume 1, 1892-94 
(1896) of the Transactions of the Natural Hbtory 
Society of Queensland. The fact that this is not 
listed in the Union List of Serials and that the natural 

B The Old Testament, Zechariah, 14, 4-6, 520 B. C. 
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history library of tho British Museum and that of 
the Linnean Society of London, when their library 
.catalogues were issued a few years back did not have 
this volume, would indicate that this is a rare work. 
The library of tho Zoological Society of London lists 
the work in its catalogue, although the new species 
described in the “Transactions” are not noted in the 
Zoological Record. There are but two articles of 


taionomio interest in the volume, one by C. J. Wild, 
describing Dendroceros subtropicm, a new sj^es of 
moss (pp. 49-60); and "Australian Lepidopiera: 
Thirty Now Species,” by Thomas P. Lucas, entirely 
moths (pp. 101-116). 

Wm. J. Fox 

Academy or Natural Sciincks of 
Philadelphia 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


DOUBLE STAINING BY THE CAJAL- 
BROi^EK METHOD 

When making durable microscopic slides, many 
different ways of dyeing arc in use, of which some 
are of chief importance in cytological work. But the 
double staining is such that only quite definite parts 
of the cells, e.g., chromosomes or nucleoles are stained 
by one color; whereas the other color stains another 
part, e.g.f cytoplasm. The method, which the author 
of this account wishes to describe briefly, has been 
worked out with a few alterations, by Bamon y Cajal. 
It has been used from time to time and still is used 
in zoological work, but only for the last three years 
in botanical studies, where it has been introduced by 
Professor Arthur Broiek with considerable success, in 
a modified form. 

It is a cytological method, which stains the chromo¬ 
somes splendidly, and when compared with Heiden- 
hain’s iron-hematoxylin method, so much used nowa¬ 
days, has certain advantages, which will be pointed 
out below. By our method, the chromosomes are 
stained a bright red with magenta—which is basic 
fuchsin, while the nucleole and the other parts are 
stained sky-blue with picro-indigo-oarmine. Picro- 
indigo-carmine is a mixture of 2 parts saturated 
aqueous solution of indigo-carmine and one part of 
picric acid. Both the magenta and picro-indigo-car- 
mine are used in concentrated solutions. 

The process of staining is quite simple and short. 
The preparation—paraffin sections mounted on sup¬ 
porting glass—^is freed from paraffin by xylol and 
brought through a mixture of alcohol-xylol and then 
through a series of alcohol baths to water; after which 
the object is placed for 3 to 6 minutes in concentrated 
magenta. The exact time must be found out for 
various objects, although the preparation always ap¬ 
pears quite right, if treated for the length of time 
mentioned above. At the expiration of this time, the 
object is rinsed in distilled water and immediately 
placed in picro-indigo-carmine, where it is left for 
10 to 15 minutes. It is better to find out the precise, ^ 
time for various objects by experiment. Then the 
object is placed in very slightly acid water for about 


one minute, into a beaker of distilled water with 1 
to 2 minims acetic acid, after which an automatic 
differentiation is made with 80 per cent, alcohol. The 
slip is simply rinsed from the acid water, allowed to 
drain and phinged directly into 80 per cent, alcohol, 
where it remains until the red stain from the section 
remains, which can easily be seen with the naked eye. 
The time for differentiation is one half to one minute. 
Then the object is brought into 96 per cent, alcohol, 
100 per cent, alcohol and a mixture of alcohol-xylol 
to xylol, and then mounted in Canada balsam. The 
whole process, from the placing in xylol to the mount¬ 
ing in Canada balsam, does not last more than 40 to 
' 45 minutes. This is a great advantage when com¬ 
pared with Heidenhain's method, in which the pro¬ 
cedure in the best case lasts for eight hours, and with 
careful working may even last for two and a half 
days. Another advantage is that the obromoaomes 
stained with magenta can be distinguished from one 
another, even when they lie close to each other, or 
actually on each other. Such a method with 
hematoxylin is quite impossible on account of the 
covering color. A certain disadvantage of the method 
is that it can only be used snccesafully after suf¬ 
ficient acid fixing. It is best to use Nawashin’s 
method, which is at the same time the most jierfect, 
after fixing—15 parts 1 per cent, chromic acid, four 
parts formol and 1.5 parts glacial acetic acid. This 
method has been tried with success after fixing in 
highly diluted HNOg. After using N4meo fixing 
solution I., color tends to disappear—100 com 1 per 
cent chromic acid and 8 com formol—but no change 
is apparent after using Nfimeo II—50 com 1 per cent 
chromic acid, 50 cem 3 per cent, bichromate of potash, 
and 8 cem formol; or after Regaud's method—80 
parts 3 per cent, bichromate of potash and 20 parts 
formol. It proceeds badly after alcohol or formol 
fixing, but quite well after sublimate with aoetio acid* 
There is no need to mention other fixing methodic 
w;hich are for the greater part special* It is im¬ 
portant that our method walks exceUeatly aft^r 
Nawasbin's fixing, which is most need to-da^ in 
cytology. This method can be reoomBumded, as it 
furmshes beautiful slides in a relatively sh^iet 
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whkb ean be studied in idl their details, drawn and 
eaeellently jdiotographed with a green filter. 

OaiBiAs Ukivkbsity Hhuby 

PBAaun, OzficmoeLovAKiA, Eubopb 

A NEW PARAFFIN EMBEDDING MIXTURE 

DimouLTY in obtaining a paraffin of satisfactory 
consUtenoy in which to embed and section biological 
material led to the development of the following for¬ 
mula. The nee of neither of the substances added to 
the common paraffin is original with the writer (hav> 
ing been in fairly common use fifteen to twenty years 
ago) although the proportions and combinations may 
be. 

A stock solution of crude rubber in paraffin is first 
made. Crude rubber is available in thin sheets, either 
smoked or unsmoked. Both kinds work equally well. 
The sheets of crude rubber are chopped up with a 
scissors and dropped in melted Parawax or any similar 

SPECIAL 

PHOTOPERIODISM AS A CAUSE OF THE 
REST PERIOD IN STRAWBERRIES 

Experiments made by the authors on the light re¬ 
quirements of strawberries have suggested an explana¬ 
tion of the cause of the rest period in this plant. The 
strawberry plant in northeastern United States be¬ 
comes more or less dormant with the onset of low' 
temperatures in the fall. Low temperatures alone are 
not responsible for dormancy, for many varieties 
remain dormant even when taken into a warm green¬ 
house in late fall. However, if plants are first given 
a low temperature rest period until about January 1, 
when brought into a warm greenhouse, all varieties 
grow vigorously, even though the days are still short. 
After the nat period has been broken, leaf growth and 
flower production is rapid. Plants covered with boxes 
in the field in January, so placed as to exclude all 
light, blossomed at about the same time as those in 
the open. T«aEi|>eratnre and not light was the con¬ 
trolling factor after the rest period was broken. 

If plants in the greenhouse are given additional 
light for several hours each night/^ beginning in 
November before they have had a low-temperature 
rest period, many but not all Varieties grow vigorously. 
Bach variety and species shows a characteristic re¬ 
sponse to the length of the daily light period at this 
time. If, however, the dally light period is lengthened 
beginning in early fall (September 1) before the days 
become short, the plants of all varieties we have tested 
m»kb a vigoroiis vegetative growth throughout the 
wteter mi do not require a low-temperature 
^ fiome varieties under such increased light 

prodetipe soteo flower rinstevs, depending on 


common paraffin. The paraffin should be smoking 
hot and the mixture should be stirred occasionally. 
Three to four hours are required to completely melt 
the rubber. About 20 grams of rubber can be dis¬ 
solved in 100 grams of paraffin. 

Embeodimq Mixtuee 

Parawax . 100 grams 

Bubber-paraffin mixture 4-6 grams 

Beeswax , _ — . 1 gram 

Filter through paper (paper towels serve this pur¬ 
pose excellently). 

This mixture is pale yellow in color, does not crys¬ 
tallize readily, and is of a waxy consistency that sec¬ 
tions unusually well. It has been In use in this labo¬ 
ratory for the past three years and has materially 
increased the success of large classes in micrology. 

Robert T. IIance 

Univebbitt or PirrsBUEon 

ARTICLES 

their particular daily light period response. In con¬ 
trast, plants not given additional light start fruit hud 
formation with the onset of short days, and if the 
temperature is above 60° F., plants of many kinds go 
into the rest period. 

In one test, plants of some 51 varieties were given 
electric light until 10:00 each night to supplement 
daylight, beginning September 1. Until February 
their growth was almost entirely vegetative. They 
produced an average of 0.7 flower clusters per plant 
by that time, while control plants under normal light 
but cimilar temperatures had averaged 3.8 clusters. 
By June 9, the control plants had averaged 20.2 
clusters, while the plants under the lights had aver¬ 
aged 4.8 clusters each. Continued growth seems to be 
correlated with relatively constant exposure to the 
pbotoperiodio requirements of the particular variety. 
Growth in some form apparently can continue over a 
fairly wide range of light exposures. For ordinary 
varieties very short daily light periods initiate a rest 
period, riiort light periods result in continuous fruit¬ 
ing and longer periods in vegetative growth only. 
Rest periods then seem to result from nutritional con¬ 
ditions following exposures 'lo short daily light 
periods. Fragaria virgitUam and varieties adapted 
to the' Northern and Eastern states require a rest 
period after exposure to days as short as 12 hours 
daily light F. ohHoensis, varieties of the Northwest 
derived in part from it recently, and Southern varie¬ 
ties d^-not need a rest period until the days are much 
less than 12 hours. In fact, after exposure to days as 
short oa 9 hours at the relatively low temperatures 
used th^ stiU grew freely. 
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Strawberries are growa commercially from regioxui 
having several weeks of continuous light in midsum¬ 
mer, such as Alaska, to regions of successively shorter 
daylight periods southward to Ecuador having 12 
hours of daylight, and in winter, in Florida in days 
with less than 11 hours of daylight. Varieties that 
succeed in subtropical climates do not require a rest 
period, at least when grown under the day lengths in 
the subtropics. Although there is evidence that better 
growth may sometimes be obtained on such varieties 
after exposure to low temperatures for a time, they 
do not require a rest period under light conditions 
that prevail at Washington, D. C. 

A study of the responses to light and rest periods 
seems to show that the strawberry varieties now grown 
in regions of short and of long days have actually 
though unconsciously been selected for adaptation to 
the light and rest period conditions of those r^ions. 
Varieties grown in subtropical regions are sufficiently 
adaptable to grow continuously under light periods 
of less than eleven to more than thirteen hours, and 
in these regions do not require a dormant period. 
Varieties adapted to Northern United States do not 
grow well under the short days of Southern states, 
and soon die out, while southern varieties make too 
vigorous a growth under the long days of summer in 
the North, 

The strawberry is an evergreen, and upon exposure 
to suitable light periods some varieties after becoming 
dormant resume growth. In others apparently nutri¬ 
tional conditions have progressed to a point where 
light alone as we have used it is insufiScient to cause 
renewal of growth. If the rest period in some other 
plants, especially in the deciduous ones, is due to 
similar causes, attempts to produce continued growth 
or to break the rest period by the use of lights should 
start before the loaves have fallen, or in some cases 
even as early as the end of June when the days are 
longest or even earlier to prove successful 

Gboboe M. Dabbow 
George F. Waldo 

Bueeau or Plant Industry 
U. 8- Department or Aoeicultube 

A «SCURVy-LIKE” DISEASE IN CHICKS 

In the course of nutritional studies we have ob¬ 
served the development of a scurvy-like disease in 
baby chicks. The first external symptoms are usually 
observed about the third week. They are nervous¬ 
ness and lameness, which is apparently due to stiS- 
noss of the hock joints. These symptoms are followed 
by bleeding from pin feathers on the neck, wings or 
thighs. About the same time blood clots appear be¬ 
neath the skin and in the muscle of the thigh, around 


the hock joint and at the base of the wings* Closely 
following these abnormalities are frequent hemor¬ 
rhages around the head, neck, back, ribs, breast and 
keel. Abdominal hemorrhages and small hemorrhagic 
spots in the muscle of the intestinal wall are common. 
The most frequent symptom is that of daric erosion 
spots on the gizzard lining^ similar to the condition 
described by McFarlanc, et al.^ In these experi¬ 
ments approximately 95 per cent, of the chicks had 
erosions on the gizzard lining, while over 70 per cent, 
were affected with external or internal hemorrhages. 
In chicks suffering from the disease the bones were 
often brittle and the bone marrow dry and colorless. 
The blood showed an extremely low hemoglobin 
content (as low as one gram per hundred cubic 
centimeters of blood) and the blood picture micro¬ 
scopically resembled that described by Hess® for hu¬ 
man scurvy. There further seemed to be an asso¬ 
ciation between the symptoms described and growth 
in that the more rapid the growth the earlier the 
symptoms occurred and the more severe they were. 

The symptoms described were produced by feeding 
a ration composed of fish meal, ground yellow com, 
yeast, ground oyster shell and sardine oil or cod-liver 
oil to cliicks confined in battery brooders. Rations in 
which the yeast was omitted produced the symptoms 
to a leaser extent. The substitution of 10 per cent, 
of dried skim-milk for the yeast and a portion of the 
fish meal produced about normal chicks. However, 
a few cases of eroded gizzard lining and small homor- 
rhag-es were observed, even when the milk was in¬ 
cluded in the diet. Five grams of cabbi^ per bird 
fed to affected individuals during the fifth and sixth 
weeks resulted in a complete recovery at the end of 
this period. 

In view of the symptoms described, the diets used 
in order to produce the disease and the fact that cab¬ 
bage in small quantities brought about a cure, we 
believe that, contrary to previous reports, growing 
chicks may suffer from scurvy due to an absence of 
vitamin C in the diet. We further believe that they 
are either unable to synthesize vitamin C or under 
certain conditions they are unable to synthesize this 
vitamin in sufficient amounts to meet their require 
ments. 

A more detailed report of these inveBtigations is 
being prepared for publication. 

Walthbb F. Holst 
E vERirrT R. Halbbook 

TJniveesitt or Calupobnu 

t Similar gizzard affections have been observed in baby 
chicks as early as the seventeenth day of incubatioa. 

sW. D, McFarlane, W. B. Grahanu Jr» and 0. E. 
HalL The Journal of 1981, Vol IV, 881. 

^Alfred F. Hess, ‘‘Scurvy, Past and Present,** PhUa- 
deli^, 1980. 
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A HISTORY OF THE NATIONAL RESEARCH COUNCIL 

1919—1933 

FOREWORD 


Bviam the year 1932 the CopMnittee on Policies 
of the National Research Conneil was directed by the 
Executive Boai^ to make a survey of the organiza¬ 
tion of the Gounoil and to present reoommendations 
in regard to needed ohanges* As a preparation for 
their labors they called upon the officers of the Coun- 
eil and the chairmen of the several divisions for a 
report upon the activities of the Council since its 
organizatioli upon a peaoe-tunc basis in 1919. 

The GounoU has felt that it is desirable to bring 
Che anbetanee of this report to the attention of the 
jwieiitiflo workers of the country, since it has 
hiesi aids to aeeomplieh has depended so largely upon 


their interest and cooperation. Accordingly, a sum¬ 
mary of the report will be published in Science, 
through the courtesy of the editor, as a series of short 
articles prepared under the supervision of Dr. Fer- 
nandus Payne, Chairman of the Division of Biology 
and A^oulture, and Dr. A. T. Poffenberger, chair¬ 
man of the Division of Anthropology and Psychology. 

The first of this series of ten articles follows, de¬ 
scribing briefly the organization of the council and 
its general activities. Subsequent articles of the 
series will be published in later issues of SdENOB. 

W. H. Howell, 

Chairman, National Besearek Council 
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I. GENERAL ORGANIZATION AND ACTIVITIES 

By Dr. ALBERT L. BARROWS 

ASSISTANT SBORETA&Y 


The ongin of the National Research Council lies 
in an offer which the National Academy of Sciences 
made of its services to President Wilson following the 
spring meeting of the Academy in 1910, when it was 
seen that the United States would probably become 
involved in the world war. The services offered by the 
Academy were for the coordination of the non-gov¬ 
ernmental scientific and technical resources of the 
country with the military and naval agencies of the 
Government, in the interests of national security and 
preparedness for the emergency which this country 
was then facing. A similar crisis had, in fact, brought 
about the organization of the National Academy for 
the assistance of the Government in 1863. 

President Wilson at once accepted this offer, and 
at his request the Academy organized a central com- 
mibtoo which it called the ^‘National Research Coun¬ 
cil.'* This comimttoe sot up a number of special 
technical committees on various problems involved in 
the mobilization of the scientific and technical re¬ 
sources of the country. During the ensuing two years 
the National Research Council was engaged largely 
in the“ service of the Federal Government, acting as 
the Department of Science and Research of the Coun¬ 
cil of National Defense, and also as the Science and 
Research Division of the Signal Corps of the Army, 
and in cooperative relationship with other branches 
of the Government to meet its military and naval 
needs. 

By the close of the war the recognition of the valu¬ 
able services which such an organization might con¬ 
tinuously render to the country under peace conditions 
had become apparent. This was particularly appre¬ 
ciated in view of the **new and important possibili¬ 
ties . . . opened through the heavy demands upon 
science and rest^arch which had arisen through the 
exceptional necessities brought about by the war." 
Accordingly, President Wilson issued an executive 
order on May 18, 1918, requesting the National Acad¬ 
emy to perpetuate the National Research Council. 
The purpose of the Council is expressed in its Articles 
of Organization as follows: 

It shall be the purpose of the National Research Coun¬ 
cil to promote research In the mathematical, physical, 
and biological sciences, and in the application of these 
Bciancos to engineering, agriculture, medicine, and other 
useful arts, with the object of increasing knowledge, of 
strengthening the national defense, and of contributing 
in other ways to the public welfare, as expressed in the 
Executive Order of May 11, 1918. 

During the early part of 1919 the Research Council 
was reorganized by the Academy on a permanent 


basis centering around an executive board of some 44 
members as a central governing body, with certain 
additional general committees called divisions, repre¬ 
senting the major fields of interest of the Council. 
The number of these divisions is now eleven, four of 
them representing general relationships of the Council 
with the Federal Government, with international scien¬ 
tific organizations, with educational institutions and 
with scientific agencies of the state governments. The 
divisions of science and technology number seven, in¬ 
cluding the physical sciences, engineering end indus¬ 
trial research, chemistry and chejuical technology, 
geology and geography, the medical sciences, biology 
and agriculture, and anthropology and psychology. 
The membership of these several divisions ranges in 
number from 18 to 44, The Council also maintains a 
research information service for the organization of 
general data and for assistance in locating sources of 
information. 

The reorganization of the National Research Coun¬ 
cil in 1919 further provided for the enlistment of the 
cooperation of research men throughout the country, 
by inviting the national technical and scientific socie¬ 
ties of the United States to designate representatives 
in the membership of the Council. In the seven divi¬ 
sions of science and technology these society represen¬ 
tatives constitute the majority of the divisional mem¬ 
bership. Each division also contains in addition a 
limited number of members-at-large, selected by the 
division. At present 79 societies are affiliated with the 
National Research Council in this way. The total 
number of members of the Council in its executive 
board and in its divisions is this year 285. The 
administrative and technical committees through 
which the Council conducts most of its operations 
number 136, and include 888 members in addition to 
the officers and members of the Council, making a 
body of 1,173 scientific men directly related to the 
Council, besides a large number of other collaborators 
in its various undertakings. 

The chairmen of the Council and the chairmen of 
its executive board, since the inception of the Council, 
have been: 


George E. Hale, 1916-1910 

John J. Carty, 1916-1918 

James B. Angell, 1919-1920 

H. A. Bumstead, 1920 

John 0. Merriam, 1921-1923 

Gano Dunn,, 1923-1928 

George K. Burgess, 1928-1932 

WiUiazn H. Howell, 1982-1983 
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The office of secretary, executive secretary or per¬ 
manent secretary of the Council during this period 
lias been filled by; 

Cary D. Hutchinson, 1916-1918 
John Johnston, 1913-1919 

A, 0. IjeuBchner, 1919 

Vornon Kellogg, 1919-1931 

In addition to relating the National Research Coun¬ 
cil to the national research societies of the country, 
the reorganization of the Council in 1919 provided in 
each of its divisions of science and technology for an 
active leader as the chairman of the division. Each 
division chairman during his term of office has given 
his major attention to the promotion of the projects 
sponsored by his division, with the constant assistance 
of an executive committee which has met with him at 
stated intervals. This leadership, supported by the 
extensive relationships afforded through the member¬ 
ship of tJie divisions and by other facilities offered by 
the Council, has been the unique feature in its organi¬ 
zation. 

During the past year the Research Council has been 
giving particular study to the problem of its organi¬ 
zation and relationships in the light of its experience 
in the past thirteen years. Certain changes, princi¬ 
pally in the direction of economy of organization, 
which are to bo put into effect next year, will, it is 
hoped, result in a simplification of its administration 
and in an increased effectiveness. 

The financial resources of the Council came from 
various sources during the war years, but largely from 
the Engineering Foundation and from the Federal 
government. Subsequently, the Council has been 
supported in its general administration wholly from 
private sources and mainly on the income from an 
endowment provided by the Carnegie Corporation of 
New York. Of the original gift of $5,000,000 from 
the Ctamegie Corporation, about one third was taken 
for the erection of a building in Washington, D. C., 
to service as headquarters for the National Academy 
of Sciences and for the National Research Council. 

In addition to its inoome from endowment, which is 
used mainly for administrative expenses, the Council 
among its other activities administers funds placed in 
its hands for special research purposes. These funds 
in recent years have totalled about $800,000 annually. 
The purposes for which they have been used include 
(1) the maintenance of research fellowships, (2) the 
support of coordinated programs of cooperative re¬ 
search through the allotment of grants to collabora¬ 
tors in these projects, (3) the awarding of individual 
grants in support of research, and (4) the administra¬ 
tion of the funds of independent scientific bodies 
without the assumption, however, of responsibility 
for thdr work. 


One of the most important of the undertakings of 
the Coonoil has been the administration of three series 
of post-doctorate fellowships in physics, chemistry and 
mathematics, in the medical sciences and in the bio¬ 
logical sciences, including anthropology and psychol¬ 
ogy and the fundamental aspects of forestry and 
agriculture. These fellowships are supported on funds 
furnished by the Rockefeller Foundation, and, in the 
earlier years of the series of medical fellowships, by 
the General Education Board also. The purpose of 
these fellowships is to give promising investigators at 
the beginning of their careers additional years of 
training and experience in research. At present about 
140 appointments are made annually at basic stipends 
of from $1,600 to $1,800 per year, with additional 
allowances for dependents. Some of these fellows are 
appointed to study abroad. Altogether about 850 
fellows have been appointed, about one third of the 
total number of applications. Of the 700 or more 
past fellows approximately four fifths now hold posi¬ 
tions in educational institutions. 

For the past three years the Council has also had 
the administration of a research ffid fund for the 
assistance mainly of individual research. During this 
time 375 grants have been made to individuals and 
19 grants for conferences and other general research 
purposes. The total amounts thus granted is *$250,- 
775.01. 

Among lather general undertakings the Council has 
sponsored the publication of the *‘International Criti¬ 
cal Tables of Numerical Data of Physics, Chemistry 
and Technology,” in seven volumes, with a compre¬ 
hensive ixfd^x now in the cou3*se of preparation. The 
Council has also given its assistance to the collection 
of funds in this country for the publication in Paris 
of the “Annual Tables of Numerical Data of Chem¬ 
istry, Physics, Biology and Technology.” At the re¬ 
quest of the trustees of the Chicago “Century of 
Progress” Exposition, the Council organized a group 
of committees in 1929 and 1930 to advise the trustees 
in regard to certain aspects of tlie plans for the scien¬ 
tific exhibits at this exposition. The Council has 
acted as the fiscal agent for the Tropical Plant Re¬ 
search Foundation, for the Crop Protection Institute 
and for the Commission on ✓Standardization of Bio¬ 
logical Stains in the early years of these organizations, 
and .still administers the editorial funds for the “Bio¬ 
logical Abstracts,” The Council has also supported 
the work of the American Geophysical Union, which 
is the principal coordinating agency in the United 
States for research in geodesy, oceanography and 
relate subjects. 

In addition to the material support of research, rep¬ 
resented by the research funds administered by the 
Council, largely through committees of the divisions 
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o{ the Council, other special oommittees of the divi¬ 
sions have sponsored a wide variety of enterprises 
which require not so much funds as other forms of 
assistance. These enterprises have included the en¬ 
couragement of research through the coordination of 
investigations in certain fields, the preparation of 
surveys of the conditions of research in special sub¬ 
jects, and the holding of conferences for the discussion 
of the current status of research in problems of large 
scope. The chairmen of divisions have themselves 
undertaken special studies of conditions affecting the 
course of research in their respective fields. A long 
series of publications has been issued in a Bulletin 
and a lie print and Circular Series, consisting of re¬ 
ports of committees of the Council and the reissue of 
timely articles in various fields of scientific research. 
Several books have been prepared under auspices of 
committees of the Council and have been issued 
through commercial publishers. 

“The primary function of the (kiuncil is the pro¬ 
motion of researcli in the United States; ... it justi¬ 


fies its existence not through the loAinienanoe of an 
organization but solely through the definite projects 
which that organization is maintaining and promot¬ 
ing.” With this object in view the Council has func¬ 
tioned as an agency through which many cooperative 
undertakings have been initiated. It has furnished 
auspices under which scientific men have acted by a 
wide variety of means for the enoouragement of re^ 
search. By virtue of its organization and its affilia¬ 
tions it has been in position, also, in many oases, to 
bring together the workers and the benefactors of 
science in a common endeavor to promote the advance¬ 
ment of knowledge. Whatever h^s been accomplished, 
however, in the support of research has be^ possible 
mainly because of the personal contributions of the 
large body of American scientific men associated with 
the Council, who have collaborated in these enterprises 
and have given generously to them of their time and 
effort. The Council relies upon this cooperation from 
the scientific men of the country for the successful 
operation of the mechanism which has been set up. 


II. DIVISION OF PHYSICAL SCIENCES* 

By Professor F. K. RICHTMYER 
CUAIBMAN 


The Division of Physical Scioncos of the National 
Research Council, formally organized May 1, 1919, 
was the natural outgrowth of the activities of the 
Physics Committee and later the Division of Physics, 
Mathematics, Astronomy and Geophysics of the Coun¬ 
cil, and also of the Science and Research Division of 
the Signal Corps, which rendered important research 
services during the war. For perhaps the first time, 
it was realized that, in addition to direct results, the 
indirect benefits of directed cooperative effort among 
scientists was very great. The men who sponsored 
the Division of Physical Sciences had all seen war 
service in one way or another, but the organization 
of the division which they set up and the program of 
activities which they initiated were directed toward 
the peace-time development of the sciences of physics, 
mathematics and astronomy. Accordingly, “the 
primary object of the Division is to stimulate and to 
facilitate research in the various related sciences 
grouped in the Division.” 

Two methods were adopted to accomplish this pur¬ 
pose. First, the Division was so organized as to 
bring together in its organization men in the different 
sciences and geographically separated—it being be¬ 
lieved that such association would promote better ac¬ 
quaintance and would pave the way for spontanooua 

1 This is the second of a series of ten articles prepared 
to describe briefly the nature of the activities with which 
the National Research Council has been engaged during 
the past fourteen years. 


cooperation. Second, the policy was adopted of 
setting up research committees to survey and sum- 
marize research in various fields and to prepare short 
monographs which should be “distributed to all 
scientists in the group ... to put the readers ou 
eourant with the present state of the science as re¬ 
gards the subject of the monograph.” A third method 
was soon added. The Rockefeller Foundation gener¬ 
ously provided support for the now well-known 
National Research Fellowships in physics (including 
astronomy), chemistry and mathematics. And the 
Division of Physical Sciences was asked to organize 
and to sponsor a fellowship board to administer these 
fellowships. 

The organization of the division provided for a 
chairman, vice-chairman, menibers-at-largc and repre¬ 
sentatives from each of the several national societies 
in the fields of science included within the division. 
During the past several years the division has con¬ 
tained twenty-one members, of which three are mem- 
bers-at-large and seventeen represent the following 
Boeieties: American Astronomical Society, Acoustical 
Society of America, American Mathematical Soeietji 
American Physical Society, Mathematical Association 
of America and the Optical Society of Americfi. 
Meetings of the division are held annually to discuss 
matters of general policy, worik of the preceding year 
and plans for future activities. 

It will be not without Interest to reeo^ llw 
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of thoAe who have served as chairmen of the division 
unoe its organization: 

1918- 1919—B. A. MUlikaiL 

1919- 1920—C. K Mendenhall 

1920- 1921—Augustus Trowbridge 

1921- 1922—Heniy G. Gale 

1922- 1923—^Williajn Duane 

1023-1924—Oswald Veblen 

1924-1927—Joseph 8. Amee 

1927-1930—Dayton C. MiUer 

1930-1933—F. K. Bichtmyer 

Since 1919, there have been associated with the 
division as officers, or members, or as members of 
research committees, altogether some 355 different 
persons. Many of these persona, through their con¬ 
nection with the division in one way or another, have 
become mindful of the value of cooperative support 
of research, as well as of the latent possibilities of 
the service which such an organization as the National 
Research Council can render. These contacts have 
tended to emphasize the community of interest which 
scientists have in the promotion and general well¬ 
being of science as a whole. 

Recognizing the importance of these indirect in¬ 
fluences, the division has not thought it wise to under¬ 
take a great variety of activities in the promotion of 
research in physics, mathematics and astronomy. 
Rather, the efforts of the division have been concen¬ 
trated on the formation of various research commit¬ 
tees to survey and to report upon timely researcli 
topics, whenever such a survey would seem to serve 
a useful purpose. 

Since the organization of the division in 1919 there 
have been appointed a total of thirty-eight research 
committees in such subjects as: Acoustics, Algebraic 
Numbers, Analysis Situs, Atomic Structure, Celestial 
Mechanics, Electrodynamics of Moving Media, Hydro¬ 
dynamics, Line Spectra of the Elements, Luminescence, 
Numerical Integration, Photo-Eleotrioity, Physics of 
the Earth with various subsidiary oommittces, Quan¬ 
tum Theory, Radiation in Gases, Theories of Magnet¬ 
ism, X-rays and Radioactivity, X-ray Spectra and 
many others. Of these committees, seven are still 
active. A large proportion of the remainder, having 
completed the reports for the preparation of which 
they weore appointed, has been discontinued. 

In addition to numerous articles in current soien- 
tifle periodicals, reports to the number of thirty-three 
prepared by these committees have been published 
or are in press as bulletins of the National Research 
Council. These bulletins have ranged from pamphlets 
of forty or fifty pages up to large volumes of several 
hundred pages. They are sold at cost of manufac¬ 
ture. The subjects covered are varied; to mention 
tmly a few: The Qaantum Theory (1920); Problems 
; 0 % X^ray Shmsaion (1920); The Present Statur of the 


Atomic Problem (1921); Certain Problems of Acous¬ 
tics (1922); The Present Status of Visual Science 
(1922); Algebraic Numbers (1923); Critical Poten¬ 
tials (1924); Radioactivity (1926), reprinted (1929); 
Quantum Principles of Line Spectra (1926), re¬ 
printed (1928); Molecular Spectra in Gases (1926), 
reprinted (1930); Hydrodynamics (1932). 

As illustrative of the service which the division is 
rendering in the preparation of these monographs, 
special mention should be made of the Committee on 
the Physics of the Earth, organized by Dr. Joseph S. 
Ames during his term as chairman. This committee, 
with a total membership of approximately 100 
physicists, chemists, geologists, geophysicists and 
others, is divided into nine subcommittees as follows: 
The Figure of the Earth; Age of the Earth; Meteorol¬ 
ogy; Oceanography, Volcanology; Seismology; In¬ 
ternal Constitution of the Earth; Terrestrial Mag¬ 
netism and Electricity; and Field Methods for Detect¬ 
ing Unhomogeneities in the Earth’s Crust. The first 
six of these subcommittees have completed their re¬ 
ports, and they have been published in the Bulletin 
Series of the National Kesiyirch ‘Council. Reports 
from the remainder are nearing completion. This 
group of bulletins is a noteworthy contribution to the 
literature of this important subject. Although in¬ 
tended to stimulate research in the general field of 
earth physics, the bulletins are nevertheless of par¬ 
ticular interest to the general scientific reader, since 
for the most part they are written in non-technical 
language. 

It is the purpose of the division to form new com¬ 
mittees whenever work in any field of research would 
be furthered thereby. It has been felt that the re¬ 
search bulletins have been of special service to in¬ 
vestigators in providing up-to-date surveys not other¬ 
wise available; and in suggesting new problems and 
lines of attack. Research, particularly in pure 
science, is most effectively carried on as a result of 
individual initiative, rather than by the organized 
parcelling out of problems. The division has never 
attempted to “organize” research. 

In 1920 and 1922, the division received from the 
National Research Council a sum of $1,500 to initiate 
a revolving fund for the publication of mathematical 
books. It was the purpose of this fund to under¬ 
write the publication of important mathematical books 
whic^ could not find publication through commercial 
channels. To date three such books have been pub¬ 
lished by and froth this fund. Royalties received have 
slightly exceeded expenditures. 

In 1926 and 1028, the division received from the 
International Education Board a total sum of $20,000 
in support of astronomical research surveys under the 
direction of Professor A. 0. Leuschner. 

As was mentioned above, the Fellowship Board in 
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PhyBics, Chemistry and Mathematics—the first of the 
three National Research Council Fellowship Boards 
now operative—was organized under the auspices of 
the division in 1911). The administration of these fel¬ 
lowships has been one of the chief activities, as well 
as one of the major accomplishments, of the division. 
The chairman of the division serves, ex officio^ as the 
secretary of the board, which in addition to its chair¬ 
man and secretary consists of ten members—three in 
physics, three in mathematics and four in chemistry, 
the last named including, ex officto, the chairman of 
the Division of Chemistry and Chemical Tcchnologj'. 
The board meets once each year, in April, for the 
appointment of fellows for the ensuing year. 

Appointments are for one year, and are offered only 
to those who have tlie Ph.D. or who have h;^d equiva¬ 
lent training. A limited number of appointments 
are made for work abroad, but for the most part 
fellows work at the various universities and other re¬ 
search institutions in the United States and Canada. 
Appointments are frequently renewed for one year. 

Since 1919 the Fellowship Board in Physics, Chem¬ 
istry and Mathematics has considered upwards of 
1,000 applications. In tlial period nearly 400 ap¬ 
pointments have been made, over fifty of which have 
been for work abroad. At present there are sixty 
fellows active, of whom six are working abroad. In 
this period nearly $1,300,000 has been paid to fellows 
in stipends. 

About 39 per cent, of appointments have been in 
chemisti*y, 39 per cent, in physics, and the remainder 
in mathematics. 

Fellows have been appointed from (that is, have 
taken their respective Ph.D^s in) some thirty-five dif¬ 
ferent universities in America. While the larger pro¬ 
portion of fellows have come from the larger uni¬ 
versities, a study of the distribution shows that the 
relative number of appointees from the several uni¬ 
versities is roughly proportional to the number of 
Ph.D^s conferred by each. 

There is an equally wide distnbution of institutions 
in which fellows have worked. Some thirty-two 
American and twenty-five foreign universities and 
research institutions have cooperated with the 


National Research Council in ofiEering facilities to fel¬ 
lows to carry on research. In the aggregate this ser¬ 
vice which the various institutions have thereby 
rendered is very great indeed. 

It was the original purpose of those who sponsored 
the fellowship program to pro\ude the more able 
young scientists with opportunities to acquire 
^‘momentum” in research, before settling down to 
permanent positions. That this objective is being 
realized is at once evident from a consideration of 
the present location and activities of past fellows. 
Nearly 80 per cent, of past fellows hold positions in 
educational and similar research institutions, where 
not only are they continuing their researches, but 
they are in many cases leadera in promoting the re¬ 
search program of the institution. The remainder are 
connected with industrial or governmental institu¬ 
tions. With very few exceptions, all past fellows are 
entering upon active research careers. There are 
many who would heartily endorse the statement that 
had the National Research Council engaged in no 
activity other than the promotion and administration 
of the National Research Fellowships, its existence 
would have been justified. 

The services of the Division of Physical Sciences 
have been utilized in providing a sponsorship for the 
American sections of several international unions. At 
present there are organized under the auspices of the 
division the American sections of, respectively, The 
International Astronomical Union, The International 
Scientific Radio Union and the International Union 
of Pure and Applied Physics. 

Each of the several divisions of the National Re¬ 
search Council can be of most effective service by 
organizing and by engaging in activities so as most 
adequately to meet the needs of the particular group 
of sciences concerned, duo regard being had for other 
agencies in the field, such as societies, research insti¬ 
tutes, academies and the like. In common with other 
divisions, it is the policy of the Division of Physical 
Sciences to stand ready to be of service wherever and 
whenever such service can be best rendered, and to 
cooperate to the fullest extent with other agencies so 
as to avoid needless duplication of effort. 


OBITUARY 


MEMORIALS 

A BUONZB tablet in memory of Josiab Royce was 
placed on April 9 by the Harvard Club of San Fran¬ 
cisco in the library of his native city, Grass Valley. 
At the ceremony Rudolph Altrocchi, professor of Ital* 
ian and chairman of the department of Italian, and 
now president of the Harvard Club of San Francisco, 


presided. A paper on Josiah Royce was read by 
Jacob Loewenborg, vice-president of the club and pro¬ 
fessor of philosophy in the University of California. 
Dr. Royce was professor of philosophy at Harvard 
Univercity from 1882 until his death in 1916. 

A BBONZE bust of Ernest Haeckel, the German oat- 
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uraliBt, was unveiled at the Cincinnati Society of Nat¬ 
ural History on January 18. 

Sib Harry Goschen, chairman of the board of the 
London School of Hygiene and Tropical Medicine, has 
received from Mr. Robert Holland Martin and the 
committee of the Avebury Memorial Fund a sum of 
£2,000 for the establishment in the school of a fund 
in memory of Lord Avebury, to be applied to the ad¬ 
vancement of study and research in entomology. 

Sib F. Gowland Hopkins has unveiled a plaque 
which has been placed in the Halliburton laboratory 
of physiology at King's College, London, in memory 
of Professor W. D. Halliburton, who was professor 
of physiology at the College from 1890 until 1923. 
Native writes: “When Professor Halliburton was ap¬ 
pointed, the laborotoiy was on the Embankment in 
small and badly lit rooms where Forner and Lister 
had worked. Yet, by his enthusiasm, he managed to 
attract many young physiologists to the college. The 
present laboratory is the result of his groat efforts 
during his tenure of office as professor of physiol- 
ogy." Professor Halliburton was elected a fellow of 
the Royal Society in 1891 and died on May 21, 1931, 
aged seventy years. 

A CORRESPONDENT of the London Times writes from 
Bournemouth recently that the evidence supplied 
by an inscription on a gravestone in the parish 
churchyard of the village of Worth Matravers, near 
Swanage, Dorset, shows that Edward Jenner, who 
discovered inoculation by cowpox, or vaccination, as a 
preventive of smallpox, was forestalled by two years 
by Benjamin Jesty, a Dorset farmer. The facts are 
known to the medical profession, but not generally. 
Edward JenucPs first inoculation by cowpox is re¬ 
corded as having been made on a boy in May, 1776. 
Jesty's gravestone inscription shows that he inocu¬ 


lated his wife and two sons with cowpox in 1774. The 
gravestone was noticed recently by a medical man 
now practising in Bournemouth, who was walking 
through Worth Matravers. The inscription relates 
that Benjamin Jesty “was an upright honest Man: 
particularly noted for having been the first Person 
known that introduced the Cow Pox by Inoculation, 
and who from his great strength of mind made the 
Experiment from the Cow on his Wife and two Sons 
in the year 1774.” Adjoining Benjamin Jesty’s grave 
is that of his wife, and the fact that she died at the 
age of 84 in 1834, 50 years after the experiment, 
proves fairly conclusively that the experiment made 
on her by her “strong-minded” husband did not affect 
her health. 

RECENT DEATHS 

Frederick E. Beach, assistant professor of physics 
at Yale University, from 1895 to 1931, died in his 
seventieth year on April 6. 

Luther Marion Depoe, emeritus professor of me¬ 
chanics at the University of Missouri, died on April 
3, in his seventy-third yfiar. 

Dr. Clarence Albert Shore, for twenty-live years 
dirc*ctor of the North Carolina State Laboratory of 
Hygiene, died on February 10, at the age of sixty 
years. 

Dr. John Millar Thomson, emeritus professor of 
chemistry at King's College, Ixmdon, died on March 
22, at the age of eighty-four years. 

Walter Edmund Roth, anthropologist and curator 
of the British Guiana Museum, died on April 6. He 
was seventy-two years old. 

The death is announced of Dr. Friedrich Rinne, 
professor of mineralogy and petrography at Leipzig. 


SCIENTIFIC EVENTS 


PROPOSED PLANETARIUM FOR THE AMER¬ 
ICAN MUSEUM OF NATURAL HISTORY 

F. Tbubesj Davison, president of the American Mu¬ 
seum of Natural History, and George McAneny, pres¬ 
ident of the Regional Plan Association, recently dis¬ 
cussed with Mayor O’Brien, of New York City, plans 
for the creation of IP Planetarium Authority. Mr. 
Davison has also disoussed the plan with Governor 
Lehman. The proposal has been under consideration 
for several years, but the plans were postponed be¬ 
cause of lack of funds. 

At a recent luncheon at the Museum, Mr. Davison 
explained that it was hoped to obtain state legislation 
that would permit the creation of a Planetarium Au¬ 
thority similar to the New York Port Authority, with 


power to issue bonds. The measure would also enable 
the city to transfer to the authority, for a time, some 
of the city-owned museum land, just north of the 
African Hall. 

Mr. Davis said in part: 

The bill is purely a permiisive measure. Tt does not 
bind.the museum to take any action toward the plane¬ 
tarium project and it does not commit the city to en¬ 
dorse the project unless it is in whole-hoarted accord 
with the museum's attitude. 

The reason for the meaBuie is that we hope to borrow 
the money from the Reconstruction Finance Corporation, 
provided we are satisfied that the planetarium will be 
self-supporting; in other words, the planetarium, through 
admission fees, must not alone pay its own way with 
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respect to maintenance and so on, but must also yield 
enough income to retire any bonded indobtedneus in¬ 
curred in connection with ite construction. 

The reason wo ask for legislation now is because it is 
needed in the event wo determine to put the completed 
project before the city for further action. 

Tentative plans call for a planetarium similar to the 
Adler Planetarium in Chicago. It would seat 600 per¬ 
sons. Though admission would be charged until the 
bonds have been paid, school children would be ad¬ 
mitted free at specified times, when they attended as 
part of their classroom work. 

WEATHER STATION ON MT. WACHUSETT 

On this isolated peak in central Massachusetts, 
2,018 feet above sea-level, a new meteorological station 
has been established under the auspices of Blue Hill 
Observatoi 7 , Harvard University, in connection with 
the work of the International Polsir Year. Unlike 
the Mt. Washington Observatory, however, there will 
not be resident observers. A meteorograph, designed 
and built by Professor S. P. Fergusson to run two or 
throe months without attention, is keeping the record 
of wind direction and velocity, atmospheric pressure, 
temperature and humidity. 

According to a news release of Science Service, per¬ 
mission to install the apparatus in the fire lookout’s 
tower on the top of the hotel on Mt. Wachusett was 
granted by Kverett W. Needham, superintendent of 
the Wachusett State Reservation. The meteorograph 
and the exposed elements were prepared and adapted 
by F. B. Towle and his son, Philip, of Holden, Massa¬ 
chusetts, who will also look after the station weekly. 

The wind vane and three-cup anemometer, loaned 
by the U. S. Weather Bureau, are exposed a few feet 
above the top of the tower and are connected to the 
pens which record the wind direction and velocity on 
the large drum of the meteorograph in the fire-look¬ 
out room. Under the eaves of the summit-house 
tower, the temperature and humidity elements are ex¬ 
posed in a louvered box to protect them from the full 
force of the gales that beset this summit, A coil of 
brass and steel is indicating the temperature, while 
a bundle of 150 strands of child’s hair, prepared by 
Clifford L. Davis, of Worcester, operates the humidity 
recorder. The motion of these elements is transmitted 
several feet to the pens on the recorder by means of 
100-year-old light wooden connecting rods from an old 
church organ which are hung on sewing machine 
needles. 

Mt. Wachusett stands alone and is exposed to more 
or less frequent high winds. Mt. Washington, 127 
miles away, is sometimes visible in extremely clear 
weather, and Blue Hill, 45 miles distant, is also in 
sight. Ice storms occur quite often. At the begin¬ 
ning of this month, the east side of the hotel was 
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plastered with almost solid ioe^ two to three inches 
thick, 

Mt. Wachusett is characterised by a strong edition 
of the typical ever-changing New England weaker. 
It is intermediate between the arctic character of Mt. 
Washington and the more temperate weather of Blue 
Hill, where are the other two mountain and hill top 
stations of New England. These three stations will 
help to show how sudden weather changes progress 
over New England. 

ANNUAL REPORT OF THE BROOKLYN 
BOTANIC GARDEN 

The twenty-second Annual Report of the Brooklyn 
Botanic Garden records the facts that the garden 
closed the year without a deficit and with more than 
$11,400 added to its permanent endowment fund and 
with the 1933 budget balanced. The director points 
out that this accomplishment has been made possible 
only by the most rigid economies. 

During 1032, there was a registered attendance of 
1,307,964, which was an increase of more than 200,925 
over the preceding year. The registered attendance 
for May (232,737) was nearly half the attendance for 
the entire year of 1924. The week-end attendance of 
May 14 and 15 was 38,804. 

4,555 packets of seeds of American wild flowers 
were supplied to more than 120 gardens in more than 
20 foreign countries. The request for these packets 
of seeds was about 500 in excess of the garden’s abil¬ 
ity to respond. 

Daring the year, lectures, addresses, informal talks 
and class exercises reached a total number of 1,762. 
780 adults were enrolled in classes and 597 children. 
Teachers from the public schools brought more than 
41,000 pupils to the garden for instruction, and 6,106 
teachers were supplied with living plant material and 
sterilized agar for class work for the instruction of 
257,527 pupils. 740 potted plants were placed in the 
classrooms of public schools and more than 670,000 
packets of seeds were supplied to pupils fox planting 
in school and home gardens. The school service of 
the Brooklyn Garden now extends to all five boroughs 
of Greater New York. 

Progress in the research program of the garden is 
also recorded covering the subjects of plant pathol¬ 
ogy, genetics and plant breeding, forest pathology, 
ecology and systematic botany. Eight research stu¬ 
dents were registered during the year. Progress in 
the development and beautifying of the grounds is 
also recorded. 

The library of the garden now has more than 17,450 
volumes and more than 30,900 bound pamphlets. The 
library of the American rem Society is now de¬ 
posited there. In contrast to the experience of inany 
organisations and many institutions, the garden 
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porto an increafie of new members for 1932 of 97, or 
9.3 per cent 

The report includes an urgent plea for an addition 
of not less than one million dollars to the endowment 
of the garden in order to care for the increased sor- 
vice which it is being called upon to render to the gen¬ 
eral public and to botanical science and education. 

FELLOWSHIPS OF THE CHARLES LATHROP 
PACK FOREST EDUCATION BOARD 

Making its fourth annual award of fellowships for 
training leaders in forestry, the Charles Lathrop Pack 
Forest Education Board announces its selection of 
three American and two Canadian fellows for the year 
1933. The fellowships wore established to encourage 
men to obtain advanced training to better qualify 
them for leadership in forestry and in the forest in¬ 
dustries. The successful candidates are: 

Walter U, Garstka, instructor in forestry, Penn Btuto 
Forest School. To make organic analysis of leaf litter, 
immediately after its fall in the autumn, collected from 
forests growing on podzolized and brown'Oarth soils. 

Harold R. Hay, graduate student, University of Wis¬ 
consin. To moke a study of changes in the physical prop¬ 
erties and chemical constituency of wood subjected to 
steam treatments. 

John Edward Licrsch, junior forester, British Colum¬ 
bia Forest Service. To continue a demonstration begun 
under Charles Lathrop Pack Fellowship awarded in 1032 
regarding the practicability of economic selection in the 
Douglas fir region. 


Nicholas T. Mirov, graduate student, University of 
Oalifornia. To make a study of transpiration by differ¬ 
ent forest cover species with reference to precipitation 
and to moisture content of the soil. 

Louis Een6 Scheult, graduate student, University of 
Toronto, Toronto, To make a regional study of forest 
development. 

This is the fourth award of fellowships by the 
board. They are available to Americans and Canadi¬ 
ans for further training in the general practise of for¬ 
estry, in the forest industries, in the teaching of for¬ 
estry, in forest research, or in the development of 
public forest policy. 

The directors of the board are: Henry S. Graves, 
dean, Yale Forest School; Samuel T. Dana, dean, 
School of Forestry and Conservation, University of 
Michigan; John Foley, forester, Pennsylvania Rail¬ 
road; William B. Greeley, secretary-manager, West 
Coast Lumbermen's Association; Arthur Newton 
Pack, director, Charles Lathrop Pack Forestry Trust; 
E. O. Siecke, director, Texas Forest Service; Ellwood 
Wilson, acting professor* of silviculture, New York 
State College of Agriculture; Hugo Winkenwerder, 
dean, College of Forestry, University of Washington, 
and Raphael Zon, director, Lake States Forest Ex¬ 
periment Station. 

The offices of the board are at 1214 Sixteenth 
Street, N.W., Washington, D. C., and correspondence 
should be addressed to Tom Gill, secretary. 


SCIENTIFIC NOTES AND NEWS 


Dr. Henry Norris Russki^l, research professor of 
astronomy and director of the observatory at Prince¬ 
ton University, president this year of the American 
Association for the Advancement of Science, will de¬ 
liver the Halley Lecture at the University of Oxford 
on June 1. His subject will be “The Composition of 
the Stars.” 

Db. Robert A. Millikan, of the California In¬ 
stitute of Technology, has accepted the invitation of 
Oberlin College to deliver the Centennial Commence¬ 
ment address on June 20. Dr. Millikan was recently 
reelected alumni trustee for a term of six years; he 
has served on the Board of Trustees since 1918. 

Dr. Irving liANoutriE, of the General Electric Com¬ 
pany, Schenectady, New York, will be made an hon¬ 
orary mmnber of the School of Engineering Alnmni 
Askoeiation of Columbia University at the annual 
on April 26. Dr. Langmuir and Dr. Michael 
I. Fttpin will be the principal speakers. 

Db. Waldekab Lindgren, Rogers professor of eoo- 
geolojgy and head of the departmaat of geology 


at the Massachusetts Institute of Technology, will 
retire at the end of the academic year. 

The Paris faculty of medicine has conferred the 
degree of doctor, honoris caiisa, on Professor Sana- 
relli, director of the Hygienic Institute of the Univer¬ 
sity of Rome. 

The Bessemer Gold Medal of the British Iron and 
Steel Institute has been awarded to Dr. W. H. Hat¬ 
field, director of research in the firm of Messrs. Thoa. 
Firth and John Brown, Ltd., in recognition of his 
distinguished services in the advancement of metal¬ 
lurgical science. ^ 

The Gold Medal of the British Institution of Min¬ 
ing and Metallurgy, the highest distinction in its 
power to confer, has been awarded to Sir John Cad- 
man in recognition of his work in the advancement of 
technical education and the development of the min¬ 
eral industries, and of his distinguished public ser¬ 
vices. The following awards have also been made: 
The Consolidated Gold Fields of South Africa Gold 
Medal to Mr. Charles Arthur Banks for his paper on 
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*‘Air Transportation of Gold Dredges in New 
Guinea”; and the premium of 40 guineas con;)ointly 
to Mr. J. L. Francis and Mr. John C. Allan for their 
paper on “Driving a Mines Drainage Tunnel in North 
Wales”; the William Freeheville Student’s Prize of 
ten guineas to Mr. Gordon J. Williams for his paper 
on “The Genesis of the Perrunal-La Zarza Pyritic Ore- 
body, Spain.” 

Nature reports tliat tJie prize of the Institute of 
Physics for the best paper published in the Journal 
of Scientific InstruvientH during the year 1932 has 
been awarded to Mr. K. Lancaster-Jones, of the Sci¬ 
ence Museum, for hi a paper on "The Principles and 
Practice of the Gravity Gradiometer,” and the prize 
for the best contribution to the Ijaboratory and Work¬ 
shop Notes in the Journal has been awarded to Dr. J. 
L. Miller and Mr. J. IC. L. llobinson, of Messr% Fer¬ 
ranti, Ltd., for their joint note entitled “A Three-Di¬ 
mensional Adjustment of an Electrode in Vacuo.” 

Sm Ronald Giiaham, the Bntish Ambassador at 
Itome, presented Signor Mussolini on March 24 with 
the silver medal of merit conferred upon him by the 
Royal Society for the Prevention of Cruelty to Ani¬ 
mals—the highest award in the gift of the societ>— 
in recognition of his recent action in making the 
Island of Capri a bird sanctuary. 

Officers of the New York Branch of the American 
Psychological Association were elected at the recent 
New Haven meeting as follows: Honorary President, 
Dr. J. McKoen Cattell; Directors, Dr. H. E. Garrett, 
Columbia University, and Dr. H. S. Langfeld, Prince¬ 
ton University. 

Officers of the Ray Society, London, were elected 
at the annual meeting held on March 22, as follows: 
President, Sir Sidney Harmer; Treasurer, Sir David 
Prain, and Dr. W^. T. Caiman, Secretary, 

At the annual meeting of the Physical Society, 
London, the following officers were elected; President, 
Professor A. 0. Rankmc; Vice-president, Professor 
W. Wilson; Secretaries, Dr. Allan. Ferguson, Dr. Ezer 
Griffiths; Foreign Secretary, Professor 0. W. Rich¬ 
ardson; Treasurer, Mr. R. S. Whipple; lAhrarian, 
Dr. J. H. Brinkworth; new members of council, Pro¬ 
fessor E. V. Appleton, Dr. L. F. Bates and Dr, L. 
Hartshorn, 

Dr. Philip Bard, assistant professor of physiology 
at the Harvard Medical School, bos been appointed 
professor of physiology at the School of Medicine of 
the Johns Hopkins University. 

Dr. RonFJiT B. MacLeod, formerly an honor stu¬ 
dent in psychology and philosophy at McGill Univer¬ 
sity and winner in 1927 of the Moyse Traveling 
Scholarship in the Classics, has been appointed an 


assistant professor in psychology at Swarthmore 
College. 

In the Bell Telephone Laboratories, Vice-president 
H. P. Charlosworth has resigned to accept the posi¬ 
tion of assistant chief engineer of the American Tele¬ 
phone and Telegraph Company. Dr, E. H. Colpitts, 
who has been appointed to succeed him, is assistant 
vice-president of the American Telephone and Tele¬ 
graph Company in charge of the Development and 
Research Department under Dr. F. B. Jewett, vice- 
president. 

Sknator.s Kendrick, Hayden, McNary and Carey 
are urging the retention of Dr. El wood Mead as com¬ 
missioner of reclamation under the new administra¬ 
tion. The recommendation is based on Commissioner 
Mead’s long service in various government depart¬ 
ments in the interest of irrigation and drainage works. 
He has devoted nearly forty years to reclamation 
projects in the West. In 1924 he was appointed 
commiasioner of the Reclamation Service by President 
Coolidge. Secretary of the Interior Harold L. Ickcs 
is reported to have said that he would give the recom¬ 
mendation every consideration. 

Dr. Edward H. Graham, assistant curator of bot¬ 
any at tile Carnegie Museum, Pittsburgh, and Mrs. 
Graham, will leave on April 16 on a botanical oolleot- 
ing expedition of several months to the southeastern 
Uinta Mountains in the vicinity of Vernal, Utah, in 
order to obtain representatives of the spring flora and 
thus augment the collections made by the same party 
in the summer and fall of 1931. 

Dr. John C. Mebriam, president of the Carnegie 
Institution of Washington, was the chief speaker at 
the Jefferson Day exercises at the University of Vir¬ 
ginia on April 13. 

Dr. a. V. Kidder, chairman of the division of his¬ 
torical research of the Carnegie Institution of Wash¬ 
ington, will give a lecture at the annual meeting of 
the American Philosophical Society on Friday eve¬ 
ning, April 21, on “Mayan Explorations and Their 
Results.” 

Dr. Harry Boyer Wbiser, professor of chemistry 
at the Rice Institute, gave the annual lecture of the 
Sigma Xi Club of the University of Alabama on 
March 30. His subject was “Colloidal Phenomena in 
the Formation of Gallstones,” 

The Cutter Lectures on preventive medicine at the 
Harvard Medical School will be delivered on April 17 
and 18, at 5 p, M., by Dr. Eugene L. Opie, professor 
of pathology in the Cornell University Medical Col¬ 
lege, on “The Epidemiology of Tuberculosis.” 

Robert Feohneb, vice-president of the Interna- 
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tional Association of Machinists and a lecturer on 
labor questions at Harvard University and Dartmouth 
College, has been appointed by President Roosevelt 
to bo director under the unemployment reforestation 
act. Those present at the conference following which 
the appointment was made were Horace Albright, di¬ 
rector of the National Park Service; John D. Coff¬ 
man, fire control expert of the National Park Service, 
William G. Howard, director of lands and forests of 
the New York Conservation Department; R. Y. Stuart, 
chief United States forester; C. H. Granger, assistant 
chief forester; Colonel Duncan-K. Major, Jr., of tlie 
general staff of the War Department, and W. Frank 
Parsons, of Chicago. This committee will direct the 
preliminary work and will have offices in the Interior 
Department. 

Thk Committee on Scientific Research of the Amer¬ 
ican Medical Association has granted to Professor 
Ludwig A. Emge, associate professor at Stanford Uni 
versity, and hia associates a grant to be used toward n 
study of the effect of pregnancy on tumor growth. 
This study fonus part of a more extensive study on 
the behavior of benign tumor growth, which is now in 
its fifth year. A grant has also been made to Di 
Arthur GroUman, associate professor of pharmacology 
and experimental therapeutics at the Johns Hopkins 
University, to aid in work on the hormone of the 
adrenal cortex. 

Dr. T. Wayland Vaughan, director of the Scripps 
Institution of Oceanography of the University of Cali¬ 
fornia at La Jolla, and Mrs. Vaughan, have returned 
from a journey around the world, which started last 
August and has taken them as visitors to the principal 
ooeonographic stations. 

Thr April lecture to the faculty and students of 
the School of Medicine, the George Washington Uni¬ 
versity, on the Smith-Reed-Russell Society series was 
given by Dr, William H. Howell, chairman of the Na¬ 
tional Research Council. He spoke on the “Recollec¬ 
tions of a Physiologist during the Past Half Cen¬ 
tury.'' The regular faculty seminar for April was 
given by Professor Geoige B. Roth, of the department 
of pharmacology, who spoke on “The Arsphonamines: 
their Nature and Behavior.” 

Thu scientific session of the American Heart Asso¬ 
ciation will be held on Tuesday, June 13, from 9: 30 
A. u. to 5: 30 p, M., in the Knickerbocker Hotel, Mil¬ 
waukee, Wisconsin. 

Thb fourth annual Connecticut Valley Student 
Scientific Conference is meeting at Wesleyan Univer¬ 
sity on Saturday, April 15. The conferenoe is mod¬ 
eled after the meetings of the American Association 


for the Advancement of Science. The colleges repre¬ 
sented are Amherst, Dartmouth, Mt. Holyoke, Smith, 
Massachusetts State, Connecticut State, Springfield, 
Trinity, Connecticut and Wesleyan. About seventy- 
five titles of pajx'Ts or demonstrations appear on the 
program. It is expected that about three hundred 
students will attend. The conference is organised en¬ 
tirely by the graduate students and undergraduates 
of the colleges concerned. 

Applications for grants from the Cyrus M. War¬ 
ren Fund of the American Academy of Arts and Sci¬ 
ences should be in the hands of the chairman of the 
committee, Professor James P. Norris, Massachusetts 
Institute of Technology, Cambridge, Mass., not later 
than May 15. 

A David Anderson-Berry Gold Medal, together 
with a sum of money amounting to about £100, will 
be awarded in July, 1935, by the Royal Society of 
Edinburgh to the person, who, in the opinion of the 
council, has recently produced the best work on the 
nature of x-rays in their therapeutical effect on 
human diseases. 

Announcement is made of a fellowship for grad¬ 
uate study at the medical faculty of the Univer&lty 
of Geneva providing for tuition and a stipend of 
!1,000 Swiss francs (about $600) for the academic 
year, 1933-34. To be eligible, a candidate must be an 
American citizen, a graduate of an approved Amer¬ 
ican medical school or the holder of a master's or 
doctor's degree in a science related to the medical field 
and must have a thorough knowledge of the French 
language. The fellowship will be administered by 
the Swiss American Student Exchange under the 
auspices of the Institute of International Education. 

A HISTORICAL exhibit of maps, arranged by Dr. 
Erwin J. Raisz, is being shown at the Institute of 
Geographical Exploration, Harvard University. Many 
of the maps are originals, and come from the collec¬ 
tions of Widener Library and Dr. Hamilton Rice. 
In addition to the maps, there are shown a number 
of old instruments connected with navigation and sur¬ 
veying, loaned by the Peabody Museum of Salem. 
The exhibit, open from 9:30 to 4:30 o'clock every 
day except Saturday and SuHday, will continue until 
May 1. 

PaBDERicK S. Dellenbaugh, who was artist and 
one of the topographers with Major Powell in his 
second descent through the canyons of Green River 
and the Colorado, in 1871 and 1872, has presented the 
flag of Major PoweU's boat, the Emma Dean, to the 
National Museum in Washington. The flag was made 
in Salt Lake City in 1871 by Major Powell's sister, 
Mrs. Ellen Powell Thompson. Major Powell's boat 
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was named after his wife. There were two other 
boats, the Nellie Powell, named after Mrs. Thompson, 
and the Canonita* 

The Bureau of Ethnology has received the first re¬ 
port of the field activities of the party undertaking 
archeological reconnaissance in the eastern section of 
Honduras, made up of Dr. W. D. Strong, of the bu¬ 
reau staff, Alan W. Payne, and Norman Haskell. 
The report states that on February 10 the party left 
Puerto Castilla, proceeded to the mouth of the Patuca 
River, and went upstream. Studies were undertaken 
on the Guampu and Cuyamel Rivers, tributary to the 


P&tuoa. Two archeological sites marked by the pres¬ 
ence of earth mounds were studied and excavated. 
The few remaining Sumu Indians were exioountered, 
and a brief study was made of them. The oonolusion 
was reached that the Maya culture did not extend that 
far to the eastward, as nothing indicative of this cul¬ 
ture was found. The party learned that several hun¬ 
dred SumuB had been living on the river until four 
years ago, when an epidemic of smallpox swept them 
away. The next trip to be made will be from the 
westward of the Patuca Valley overland via muleback 
into the mountain region. 


DISCUSSION 


A CIVILIZATION WITHOUT NATIVE 
MATHEMATICS 

In a recent number of the historical periodical en¬ 
titled **Quellen und Studion zur Geschichto der Mathe- 
matik, Astronomie und Physik,^’ volume 2 (1932), 
page 255, there appears an article by P. L. van Hee, 
in which it is stated that if the Chinese mathematical 
books of every epoch would disappear science would 
suffer no loss as regards mathematics. It is claimed 
here that China has contributed nothing towards rais¬ 
ing the edifice of modern mathematics, but that the 
mathematics which appears now in the Chinese litera¬ 
ture is due to other nations and was often credited 
by Chinese writers to natives of their own country. 
Among the recent writers who are said to have been 
misled by these false claims is Y. Mikami, whose work 
entitled ^^The Development of Mathematics in China 
and Japan,1913, is widely known and has been 
frequently referred to as an authority. 

There is a remarkable contrast between the recent 
historical developments relating to China and those 
relating to Egypt and Babylonia. In the former case 
these developments seem to tend to show that their 
early mathematical attainments were overestimated, 
while in the latter they were underestimated, especially 
as regards Babylonia. In particular, the issue of the 
periodical noted above contains also the remarkable 
announcement that the ancient Babylonians had a rule 
equivalent to a general formula for the sum of the 
squares of the first n natural numbers. It was for¬ 
merly supposed that the first discovery of such a rule 
was due to the ancient Greek mathematicians. A few 
years ago it was announced that the ancient Egyptians 
had a rule which is equivalent to our modem formula 
for the area of a sphere, but this seems now to be 
incorrect, having been due to a mistranslation. 

The chief interest in the article to which we referred 
at the beginning of this note is due to the fact that 
it exhibits a lack of mathematical initiative on the 
part of the Chinese extending over a long period of 
time. When mathematics was introduced from other 


countries it received considerable attention and some 
of it was permanently retained, but no definite evi¬ 
dences of native advances seem as yet to have been 
established. The exaggerated claims made by some 
of the Chinese writers have really been harmful to the 
reputation of their country and they have made it 
difficult to form a correct judgment as regards thmr 
possible contributions It seems clear, however, that 
from the standpoint of mathematics ancient China was 
far behind ancient Egypt and ancient Babylonia. 
Their ancient as well as their modem civilization ex¬ 
hibits unusual mathematical weakness and many of 
the references to their achievements along this line 
ore untrustworthy according to some of the most re¬ 
cent investigations. 

XI. A. Miller 

Univebsity or Illinois 

THEORIES OF CORTICO-ADRENAL 
FUNCTION 

Within the past year three theories of oortieo- 
sdrensl function hare been advanced. They postulate 
that the adrenal cortex (1) prepotently regulates car¬ 
bohydrate metabolism,^ (2) produces a general tissue 
hormone,* (3) controls the circulating blood voluma* 
The first appeared about a year ago, the second shortly 
after, and the third in January of this year. 

In presenting their theory of blood-volume regula¬ 
tion and the relation of the adrenals to shock, Swingle 
and his associates ride rough-shod over other hypoth¬ 
eses. “None,” they state, ‘^ave materially advanced 
(sic) the problem of cortical function,” Not even a 
foot-line was given to bibliographic mention of the 
earlier theories mentioned above. 

It is not in juetitia ecientiae merdy that mention 
should be made of the praiseworthy contiibutions of 

18 . W. Britton and H. Bilvette, Amer* Jour. PhysieH., 
100: 701, 1932. 

s P. A. Hartman, K, A. Bmw&ell and J. B, Ziodtwoodi 
SndooHnology, 16: 521, 1932; Anur. Jour^ Phniioi, jpii 
60, 1982. , . , * 

•w. W* Swingle, ei oZ,, Bosmtm, 77: 56,1IM2. , , 
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Hartman and his oolleagusB toward the elueidation of 
oortieo-adrenal problems. > Contemporaneoiisly witb^ 
if not prior to Swingle and PMner, the Buffalo in¬ 
vestigators produced a potent extract of the adrenal 
cortex, and they have published extensively on its 
effects. Furthermore, they have formulated a theory 
of eortioo-adrenal function as noted above, and sup¬ 
ported it with considerable experimental evidence. 

That the adrenals are of importance in maintaining 
a normal circulation has been known for many dec¬ 
ades, and the ideas of Swingle and his associates are 
not at all novel. In a small section of a review a few 
years ago, one of us (Britton)* drew attention to more 
than a score of observations on the subject. Antedat¬ 
ing by two years the recent report of Swingle et ah, 
there appeared a comprehensive experimental study 
by Wyman and Suden on “The blood volume in supra¬ 
renal insufficiency, anaphylactic shock and histamine 
shock.^^® 

Our own observations lead us to conclude that 
changes in blood pressure and in the amount of cir- 
eulating blood are indirect and illustrative only of 
the general effects of adrenalectomy throughout the 
body. We have sought an understanding of the 
underlying chemical changes and conditions in adrenal 
insufficiency which are antecedent to, or take prece¬ 
dence over, because of their critical nature, the altered 
permeability relationships in the body. 

Breakdown to the point of utter collapse of the 
normal oarbo-metabolic processes appears to us still to 
constitute the primary critical contingency in adrenal 
insufficiency. The adrenalectomized animal suffers 
from glucose and glycogen lack, which becomes pro¬ 
gressively more severe after the operation, and paral¬ 
lels the development of symptoms. All the symptoms, 
too, are oompellingly suggestive of severe hypogly¬ 
cemia. We have never observed such profoundly 
critical glucose and glycogen disturbances in any other 
cachexic status which involves carbohydrate metabo¬ 
lism— e,g,, the cachexia following hepatectomy or 
pancreatectomy pr heavy insulin dosage. Cortioo- 
adrenal extract appears to have a primary effect, 
moreover, in restoring promptly the normal carbo¬ 
hydrate levels. 

Animals dying of adrenal inenifflciency show oon- 
Vr^sive seizures some hours before death which are 
identical in type with those observed in insulin hypo¬ 
glycemia. By contrast we have never observed such 
convulsions in animals in which the circulating blood 
volume has been markedly reduced by hemorrhage and 
other operative procedures. 

It may be that carbohydrate defleienoies do not ex- 

*8. W. Britton, FhysioZ. Bsv., 10: 617, IfiSO. 

« Lb €. Wyman and C. turn Buden, Amer. /our. Fhysiol., 
Ws 670, mo. 


plain the whole problem of adrenal insufficiency. 
Gllueose does not prolong the lives of adrenolectomiaed 
animals many days. Similarly, carbohydrate injec¬ 
tions only slightly extend the survival of hepatecto- 
mized animals. In a number of cases we have ob¬ 
served, too, that glucose docs not restore severely in¬ 
sulin ized animals. Many substances are furthermore 
known to reduce the blood sugar in diabetes, but that 
without remedy. It is to be emphasized in this connec¬ 
tion that we have been concerned for the present sim¬ 
ply with the first crucial signs of failure in the adren- 
alectomized animab That there occurs primarily and 
fundamentally a failure in glycotaxis in the body 
appears as best fitting the mass of evidence at hand. 

Swingle and his colleagues state that in cases of 
adrenal insufficiency blood dilution “never occurs . . . 
unless the hormone is injected.’^ In our experiments 
we have observed that restoration of the normal blood 
volume of adrenalectomized animals may readily be 
brought about by saline injections. The symptoms 
of insufficiency are not at all ameliorated by such 
restoration, however, nor is life even slightly pro¬ 
longed. In contrast, augmentation of the blood sugar 
by glucose injections alleviates the symptoms very 
rapidly, and lengthens significantly the survive^ 
period. 

We have observed that the adrenalectomized animal 
is somewhat hydrated, rather than dehydrated.® In¬ 
creased amounts of water are held in the hepatic and 
muscular tissues. The blood plasma and total blood 
volume are in contrast reduced, but not until symp¬ 
toms are developed are these reductions notewoithy. 
Fluid accumulations in the liver and muscle in adrenal 
insufficiency more than balance the loss of fluid by the 
blood. 

We gain the impression from our data that water 
is more necessary for the maintenance of normality 
conditions in the liver and muscle than for any of the 
demands of the circulation, important though the lat¬ 
ter may be. Furthermore, one of the earliest and most 
striking effects of cortico-adrenal extract which we 
have observed is the elimination of fluid by the pro¬ 
duction of a striking diuresis. Space limits can not be 
imposed on for further considerations here. 

The most critical emergency in the career of the 
adrenalectomized animal results from virtually com¬ 
plete disappearance of liver glycogen, and concomi¬ 
tantly profound reduction of blood sugar, as well as 
muscle glycogen. Thus, severe hypoglycemic convul¬ 
sions supervene, and death results during the convul¬ 
sive seizures. Our data compel adherence to our flrst- 
proposed theory of the prepotent function of the 
adrenal cortex—^that of the regulation, in cooperation 

« H. SOvette and S, W. Britton, Amer, Jour. Physiol., 
(in press), 1688. 
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with other tissues or secretions, of carbohydrate metab' 
olism in the organism. g Britton 

University or Virginia Silvettb 

THE "SPREAD" OR "SCATTER" OF THE IN¬ 
FLUENCE FROM A REWARD, IN 
RELATION TO GESTALT 
DOCTRINES 

In Science of February 10, 1 reported the dis¬ 
covery of the "spread” or “scatter” of the influence 
of a reward, and especially the significance of the 
phenomenon as an independent prtiof of the so-called 
law of effect. Circumstances prevented a prompt 
reply to Ogden^s criticisms (Science, March 3) and 
the need has perhaps vanished as a result of Boring’s 
ingenious modus vivendi for Gestaltiats and conncc- 
tionists (Science, March 24). But I ventuie to note 
the following; 

The “whole process” in my experiments consists of 
40 words chosen at random said by the experimenter, 
to each of which the subject responds by a number 
from 1 to 10, or of equally arbitrary multiple choices. 
An announcement of “Right” after one of the 40 
word-number units in the experiments certainly does 
not strengthen or confirm the wliole process equally. 
An announcement uf “Wrong” seems to the observers 
to be as “final” or as “consummatory” of, the con¬ 
nection it follows as an announcement of “Right.” 
Certainly any difference in this respect is very small, 
but the difference in strengthening of the connection 
is enormous. And this enormous difference uniformly 
goes with the satisfyingness of the after-effect. 

My note in Science presented evidence for these 
conclusions: (1) The strengthening of the connection 
which the reward immediately follows and to which 
it belongs docs not occur indirectly by reason of 
repetitions or rehearsals of the connection or by way 
of memories that such and such a number was right, 
or successful, or rewarded for such and such a word, 
because the announcements of “Wrong” have no 
negative influence comparable to the positive influence 
of the announcement of “Right.” 

(2) The reward does not have to search out the 
“right” or “successful” act by any mysterious power 
and attach itself to it, as Peterson has objected. It 
strengthens whatever its physiological equivalent in¬ 
fluences in the neurones. 

(3) The reward strengthens chiefly the connection 
which immediately precedes it and of which it is (by 
sophisticated humans) felt to be the after-effect. But 
it also strengthens the connections one and two steps 
further back or forward, though these were definitely 
punished and most emphatically did not belong to 
the reward in the Gestalt's meaning of “belong” if I 
understand them. Each belongs to its punishment. 


Nothing happening to the subject equally near the 
time of the reward could belong to it much less in 
the sense of forming with it a “perfectly integrated 
unit.” 

In the very different sense in which I use the word, 
the reward may belong to these preceding and suc¬ 
ceeding connections, though rather tenuously and in¬ 
directly, as neighboring tasks related only by the 
conditions of the experiment. 

I can guarantee this. Let any Gestaltist choose a 
hundred multiple-choice tasks as “discrete and inde¬ 
pendent” one from another as he can find or make, 
each composed of a situation and n responses from 
which choice is to be made such that the situation 
and the responses are as “discrete and independent” 
from each other as he can find or make, and let him 
choose rewards and punishments as “discrete and in¬ 
dependent” from anything in the tasks as he can find 
and make. Then the situation-response connection 
which has a reward attached to it utterly arbitrarily 
by the experimenter will be strengthened thereby, s^i 
long as it is a satisfying after-effect of that connection 
to the learner. And the influence of the reward may, 
and often will, spread or scatter so as to strengthen 
other connections in the physiological neighborhood. 

Edward L. Thorndike 

Teachers CotLEOE 
Columbia University 

STRATIGRAPHIC NOMENCLATURE 

In Science (VoI. 76, p. 489) Professor G. D. 
Harris, of the Paleontological Laboratory, Cornell 
University, writes; “Perhaps others as well os the 
writer have often been at a loss for a concise, logical 
and self-explanatory term for indicating all that 
portion of the geologic sequence (or geologic time) 
below or antedating the Cambrian system (or time). 
Strangely enough, the embarrassment becomes more 
aoute if one searches for a term to include the 
Paleozoic, Mesozoic and Conozoic.” 

I want to make the statement, that in my “Text¬ 
book of Geology” {Lehrbuch der Geologie, Wien, 
1924) I introduced the term “Euzoische Sohichtfolge” 
(Euzoio sequence), which includes the Paleozoic, 
Mesozoic and Conozoic. 

P. X. SoHipra* 

Naturhistorisches Staatbmuseum 
Wien 

FREQUENCY OF VERTEBRATE FOSSILS IN 
RIVER DEPOSITS 

The following observation, dated “Monday 17, 
1805,” taken from “History of the Expedition of Cap¬ 
tains Lewis and Clark,is of more than usual interest 

1 VoL I, p. 362, New Amsterdam Book Oompany, New 
York. 
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to vertebrate paleontologists. The scene was at the 
great Falls of the Missouri. 

There are vast quantities of buffalo feeding on the 
plains or watering in the river, which is also strewed 
with the floating carcases and limbs of these animals. 
They go in large herds to water about the falls, and as 
all tlie passages to the river near that place are narrow 


and steep, the foremost are pressed into the river by the 
impatience of those behind. In this way we have seen 
ten or a dozen disappear over the falls in a few minutes. 
They afford excellent food for the wolves, bears, and 
birds of prey; and this circumstance may account for 
the reluctance of the bears to yield their dominion over 
the neighborhood. Ellib W. Shtjleb 

SouTiiKaN Methodist Universtty 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


APPARATUS FOR SLIDE TECHNIQUE 

The apparatus illustrated in the following figures 
has been found very practical and a great time-saver 
in the preparation of slides. The small cost of mate¬ 
rials and time required for construction are negligible, 
compared witli the efllcicnt service they render. 

Warming Plate for Spreading Parappin Sections 
The warming plate shown in Fig. A is practically 
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self-explanatory for its use in spreading paraffin sec¬ 
tions, It is made from a single sheet of thin copper 
and heated by conduction from alcohol flames under 
the wing tips. By placing bits of paraffin, having 
the same melting point as that used in preparing the 
tissue, on the ends of the stage, tlio best working tem¬ 
perature can be determined and controlled by moving 
the flames closer to or farther away from the wing 
tips. The small diagram gives the dimensions and 
shows the shape of the sheet before being bent. The 
height of the wings could be changed to compensate 
for the lamp to be used. 

Slide Drying Cabinet 

In preparing a large number of slides for study, 
it is advantageous to hasten the drying of the balsam 
after the covers are in place. The slide drying cabinet 
in Fig. B is a very efficient piece of apparatus for 



this purpose. It was made from a cracker can, two 
slide boxes, a small slieet of copper and a light socket 
with several feet of cord. 

The light socket was placed in the rear wall so 
that the bulb would just clear the bottom and give 
room for a slide box to stand on end on either aide. 
A 26 watt clear bulb furnishes sufficient heat for 
good circulation of air without having a temperature 
over 60® C. The air enters through the openings at 
the liottom, passes over the slides and goes out 
through the openings in the lid. A copper slide, 
supported beneath the lid, makes it possible to close 
the openings if a higher temperature is desired. 

Through the opening in the back of the cabinet a 
slide box can be seen in position. The lids and bot¬ 
toms were cut out, leaving just enough edge to hold 
the slides. Catches on the sides hold the lids flrmly 
in place. After 48 hours in the drying oabinet slides 
are ready for their final cleaning and polishing. 

Emory S. James 

Ohio Wesleyan University 
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A SIMPLE DEVICE FOR THE PERFUSION OF 
THE MAMMALIAN HEART 

In the course of some experiments in which we used 
the heart-beat to test the properties of some balanced 
salt solutions, the apparatus here described was de¬ 
vised. Most devices for the perfusion of the mam¬ 
malian heart^*^’^ are elaborate and present consider¬ 
able difficulties in manipulation. While this is un¬ 
doubtedly necessary in experimentation on some 
physiological function of the heart we found the 
simplified apparatus here presented adequate to our 
purpose. Wo are presenting it with the expectation 
that a device so easily assembled might be found use¬ 
ful in lecture demonstrations or classroom experi¬ 
ments. 

There are three factors, the control of which pre¬ 
sents the greatest difficulty in the perfusion of the 
mammalian lieart: (I) Temperature of the duid; (2) 
Pressure of the fiuid; (II) Oxygenation. 



As far ns the temperature is concerned it is merely 
noces.sary to control it within a degree or a degree and 
a half. This is readily accomplished by means of the 
vacuum flask (A). The cannula to which the heart 
is attached is inserted m rubber tubing which is 
attached to a piece of glass tubing inserted in the 
rubber stopper of the flask. The cannula and tubes 
are all as short as possible to avoid cooling of the 
fluid. The heart is suspended in a filter tube the 
mouth of which can be closed by a wad of moist 
cotton. The temperature of the heart is maintained 
by the passage of the perfusion fluid through it. 
Unless the room is very warm it is desirable to 
warm the filter tube by an electric lamp suspended 
near it. However crude this temperature control may 
seem to the physiologist who is accustomed to work- 

1 Knowlton and Starling, Journ, of Thys,, 44: 206. 
1912. 

* Anrep and Hausler, Joum, of Thys,^ 6C; 357. 1928. 

»Guiin, Joum, of Phya.^ 46: 606. 1913. 


ing with apparatus capable of control to a tentii or 
even a hundredth of a degree C., we have found it 
quite sufficient to keep the heart beating vigorously 
6 to 8 hours. 

Pressure and oxygenation are controlled by a single 
apparatus. Medical oxygen is released from a 
cylinder into a gasometer consisting of two bottles at 
different levels, connected by a rubber tube, the lower 
partly filled with water. As pressure is increased 
water is displaced within the lower bottle and rises in 
the upper. Pressure is controlled by the difference 
in the level of the bottles. The oxygen is conducted 
from the gasometer through a tube drawn out into a 
capillary (E) inserted in the rubber stopper of the 
flask, where it bubbles through the perfusion fluid. 
This gas is then allowed to escape through the trap 
(F) consisting of a funnel on a rubber tube, filled 
with water to counterbalance the pressure in the 
gasometer. This funnel may be raised and lowered 
to keep the pressure constant as the fluid within the 
flask is used. By this device the perfusion fluid is 
very readily kept saturated with oxygen at any de¬ 
sired pressure. 

In our experiments we have used hearts of rat, 
guinea-pig and rabbit. Of these we have hod the 
greatest success with the rabbit. The rat heart and 
frequently that of the guinea-pig stopped beating 
during the manipulation in attaching it to the ap¬ 
paratus. If it resumed beating at all the beat was 
irregular and of short duration. Tfiis is apparently 
the phenomenon of fibrillation or dehrium cordis.* 

Our procedure in setting up an experiment is as 
follows: The flask, previously warmed by the intro¬ 
duction of water heated to 37.5® C, is filled with 
perfusion fluid also warmed to 37.5® C. The fluid, 
preparatory to the beginning of the experiment, is 
saturated by a lively stream of oxygen. The animal 
is killed by a blow on the head and bled quickly from 
the carotid artery. The heart is immediately re¬ 
moved, taking particular care to leave the systemic 
aorta sufficiently long to accommodate the tip of the 
cannula. The heart is then placed in a small dish 
of warm perfusion fluid and permitted to beat in it, 
under the slight pressure of the finger, to clear itself 
of blood. The aorta is carefully dissected away from ! 
the surrounding tissue to moke sure that none of the 
nerves will be tied in the ligature. The cannula, al¬ 
ready attached to the flask, has now a slow stream 
of perfusion fluid, controlled by a clamp on the 
rubber tube (C), passing through it. The heart is 
lifted by tbo aorta, and the aorta is drawn over the 
tip of the cannula. The aorta is held in position so 
that the cannula does not protrude beyond the semi-r 

4 Starling, <<Human Physiology/* p. 758. Philadel¬ 
phia. 1926. 
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Itumr valves and in this position is firmly tied. The 
clamp on the rubber tube is then completely opened. 
The filter tube is raised to enclose the heart and itR 
top closed with moist cotton. 

For perfusion simply to maintain the heart-beat 
as lon^ as possible we have had the greatest success 
with Locke’s fiuid as given by Baylis,^ with the dif¬ 
ference that it was bufiored with 100 mg of sodium 
bicarbonate and 50 mg of primary sodium phosphate 
per liter. 

We have found that the size and shape of the 
cannula and the care with which it was tied in the 
proper position in the aorta were very important in 
the success of the experiment. The cannula must be 
sufficiently large to permit the fiuid expelled by the 
beating heart to flow rapidly back through it. The 
tip of the cannula must be above the semi-lunar 
valves BO that at the beginning of the beat the full 
pressure of the perfusion fiuid is not exerted on the 
wall of the ventricle. A complete relaxation of the 
ventricles is necessary to insure a proper perfusion 
of the coronary vessels. This will not be possible if 
the cannula projects beyond the semi-lunar valves 
into the left ventricle and maintains a constant dis¬ 
tention of the ventricle. Even when the cannula 


oorredtly inserted a certain amount of fluid ac¬ 
cumulates in the ventricles. This may come from 
leakage past the valves or from the Thebesian vessels. 
It is for the rapid release of the pressure of this 
fluid as the heart contracts that it is necessary to 
make the aperture of the perfusion cannula as large 
as possible. If, in spite of all precautions, a dis¬ 
tention of the ventricle does develop during the 
experiment it may be relieved by inserting a cannula 
through the pulmonary vein and the mitral valves into 
the ventricle. It is obviously necessary to be certain 
that the tip of the perfusion cannula does not pro¬ 
ject so far into the aorta that its wall occludes the 
opening into the coronary arteries. 

As the perfusion continues, the pressure in the 
gasometer is maintained at a constant level by ad¬ 
mitting oxygen from the tank as necessary. Oxygen 
is permitted to bubble slowly through the perfusion 
fluid by adjusting the level of the funnel of the trap. 
If the fluid in the flask becomes exhausted it is 
merely necessary to fill another flask and replace 
the one originally used. 

J. W. Wilson 

J. M. Darlington 

Brown University 
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THE PERIHELION OF MERCURY 

Thu law of Newton states that every particle of 
matter in the universe attracts every other particle 
with a force that varies directly as the product of the 
masses and inversely as the square of the distance. 
For two bodies this law gives accurate results (a), as 
they are very far apart and (b), as their dimensions 
are small in relation to the distance between them but, 
when two bodies of substantial size are near together 
and when a small body is near to a large one, there 
is ground for doubting its precision. 

Let the formula for the force of gravitation F, be 
written, 


G being the gravitational constant, and the 
individual masses of two bodies and d the distance 
between their centers. From this it may be inferred 
that gravitation is the resultant of two forces each 
varying directly as the mass which produces it and 
inversely as the distance from the other. These forces 
are directed toward each other. Each acts at the 
distance d from the other and their product is the 
resultant which is called Gravitation. 

If above proposition be true, then the actual 

ttfloyliSf "Principles of General Physiology," p. 211. 

ifCAdon. .mr. 


attraction between two spheres can not ho the same as 
that which Is computed on the supposition that the 
entire mass of each is concentrated at its center as on 
the basis of the inverse square. 

In Fig. 1, and Mg are homogeneous spheres, 
Mjj being very small, and = d. The inner circle 



FIG.1 

CPjPg DC is drawn so that M^C = 0.4244M,A and it 
is, therefore, the locus of the centers of gravity of all 
the halves of the circle AB which is a diametral sec¬ 
tion of Mj; MgPj and MgPj are tangents to this circle 
and P^ and P^ are the points at which the resultant 
attractions on M, of the upper and lower semi-circles 
of may be considered as concentrated. The value 
of the attraction of each of the semi-circles, if a rep- 
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resent its area, is proportional to a cosa^, where is 
the angle and, as the attraction varies in¬ 

versely with the distance, the attractive force exerted 
by each semi-circle on is, if ^ is a constant and 
since P^Mg, the distance at which tins force acts is 
d cosa^, 

ga cosai ga 
d coHtti ” d 

The attractive force of the upper semi-circle is ex¬ 
erted on Mg in the direction and its component 

along MgMj is ga cosa^/d while, for the entire circle, 
the attraction is g 2a cosa^/d = g A cosayd. If now, 
the circle AB is rotated through 180° it will generate 
the spht‘ro AB and what is true for each of its sec¬ 
tions will be true for its mass. The attraction of 
Mj for Mg therefore is, gHjCosa^/d and, in an ex¬ 
actly similar manner, ilie attraction of Mg for M^ is 
gMgCOsag/d. The total force of attraction P, which 
is that of Gravitation, between the two spheres is, 
then, the product of the individual forces, thus, 

gMiCosui gM3Cosa2 M, cosai X Mj cosaa 
-d-"-d--d^- 

and this, when G is written for g^, is an advanced 
statement of the law of gravitation. 

The relative acceleration f of the spheres Mj and Mg 
therefore is, 

f - Q 4- Ma eosaa 

In nearly all cases cosa^ and cosa^ are so close to 
unity that no practical difference between the above 
formula and that of Newton can be detected. How¬ 
ever, the value of cosa for the Sun, at the distance of 
Mercury, is such as to point a reason for the observed 
“advance” of the perihelion of that planet. To this 
end the acceleration uf Mercury has been computed 
for three positions with the center of gravity of the 
Sun^s semi-circular area at 0.28 of its radius from 
its center and the following tabulation presents the 
valmis of the exponent of d in Newton’s law which are 
necessary to produce the accelerations given by for¬ 
mula (2) above. 


Position of Mercury 

Necessary exponent 
of d in Newton's 
liaw 

Aphelion .. 

2.00000013 

Mean . 

.. .. 2.00000019 

Perihelion 

2.00000031 


Allowing for the longer time spent by Mercury in 
the outer portion of its orbit, the mean value of the 
exponent of d necessary to conform the law of New¬ 


ton with formula (2) is 2.000000192 and this is com¬ 
parable with the value of 2.000000161 which was 
suggested^ in order to account for the then known 
advance of 42" per century in the position of the 
perihelion point. Now, if the exponent 2.000000161 
accounts for an advance of 42", then the exponent 
2.000000192 represents an advance of 60."1 per cen¬ 
tury, which value compares with the recent determina¬ 
tion^ by Morgan of 60."9. 

The quantitative agreement which has been shown 
between the observed and the computed values for the 
advance of Mercury’s perihelion is of especial interest 
and tho principles on which this finding is based ex¬ 
tend into many fields. The placing of the center of 
gravity of the sun’s semi-circular section at the 0.28 
point of its radius is merely a recognition that the 
density of the sun increases toward its center. In a 
homogeneous sun this ratio would be 0.4244. 

A detailed outline of the studies on which the con¬ 
clusions herein presented are founded is being pre¬ 
pared. 

Thaddeus Mekriman 

Nxrw York Oity 
December 14, 1932 

SOME FACTORS INFLUENCING THE SUS¬ 
CEPTIBILITY OF ALBINO RATS TO 
INJECTIONS OF SODIUM AMYTAL^ 

In an earlier account* of the use of sodium omytal 
(Lilly) as an anesthetic for albino rats a sex difCer- 
enoe in the reaction to tho drug was noted. The con¬ 
centration of the solution in which the anesthetic was 
given was found to have a marked effect upon its 
efficacy. These two facts have been investigated in 
an attempt to analyze further the action of the anes¬ 
thetic. 

A record has been kept of the amount of sodium 
amytal in a 10 per cent, solution required to produce 
anesthesia in male animals of weights ranging between 
thirty and four hundred grams. These animals have 
been anesthetized in experiments of various types 
during the past year and a half. Prom these indi¬ 
vidual records Fig. 1 has been composed. A total of 
over one thousand observations have been made on 
animals of varying weights. 

In the graph the weight of the animals has been 
plotted against the milligrams of sodium amytal in a 
10 per cent, solution necessary to produce a deep 
anesthesia from which the animal will recover. This 
extends the observations on the dosage required for 

1 Simon Newcomb, article, * ‘ Gravitatioii. ’ ’ Encyclo¬ 
paedia Britannica, 9th Edition. 

a H. R. Morgan, Jour, Optical Society of America, Yol. 

20, p. 228. 

1 The Bodium amytal used In these experiments was 
generously furnished by Eli Lilly and Company. 

a J. S. Nicholas and B. H. Barron, Jovr, of Fharmacol 
and Sxper, Therapeut., 46; pp. 125-180, X932r 
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Fiq. 1. A graph illustrating the relation between the 
body weights of albino rats and the amount of sodium 
amytal in milligrams necessary to produce deep anes¬ 
thesia. 

male rats which in a previous report were obtained 
only upon males ranging between one hundred and 
twenty-five and two hundred and fifty grams in 
weight. For comparison, the dosage for females of 
a corresponding range of weights has also been 
plotted. The graph therefore demonstrates the sex 
difference in tlie reaction to sodium amytal and defines 
clearly the weight at which this sex difference appears 
To determine whether or not the greater resistance 
of the male rats was to be associated with the presence 
of the gonads, ten adult male rats weighing about 
one hundred and seventy-five grams each were 
castrated. Six weeks later those animals were weighed 
and given the male dose normal for their weight. 
None of the animals survived. A second group of 
five adult animals about two hundreds grams in 
weight were castrated and anesthetized at the end of 
SIX weeks. These animals were more resistant to 
sodium amytal than females but were markedly less 
resistant than normal males. 

A third series of ten young males about thirty 
grams each were castrated. Each week following cas¬ 
tration the animals were anesthetized. The normal 
male dose for their weight was invariably necessary 
to produce deep anesthesia. These animals wore 
castrated before they had developed the sex difference 
in their reaction to sodium amytal; nevertheless they 
retained the resistance normal to unoastrated males 
throughout their growth and development. The re¬ 
sistance of males castrated before the sox difference 
has appeared, therefore, is unaltered, but males 
castrated when adults become definitely more sus¬ 
ceptible. 

Although not more than suggestive, it is interesting 
to note that the weight at which the sex difference 
appears—between fifty and sixty grams—is also the 
weight at which the differential growth relation of 
both the hypophysis and the suprarenals first appear 
between the males and females,* The female rat has 
the heavier hypophysis and suprarenal glands. 


The effect of the dilution of the solution of sodium 
amytal with which anesthesia is produced has been 
discussed earlier. The animals were much more re¬ 
sistant to equal quantities of the drug if administered 
in more dilute solutions. This fact suggested that in¬ 
jections of mammalian Ringer’s into the blood stream 
of an over-anesthetized animal might reduce the 
effectiveness of the original dose and aid in the re¬ 
covery of the animal. 

Both males and females were injected with one and 
a half times the normal dose for their weight. After 
the animal was well under the anesthetic the femoral 
vein was exposed and eight cubic centimeters of mam¬ 
malian Ringer’s—either warm or cold—was injected 
into the blood stream. The controls were anesthe¬ 
tized in the same way but were not injected with 
Ringer’s. All the animals that received the injection 
of Ringer’s solution (ten) recovered from the anes¬ 
thetic. The ten control animals, however, all died 
from respiratory failure typical of over-anesthetized 
animals. This method of reducing the effectiveness 
of the drug by injections of Ringer’s into the blood 
stream has proved of value in saving an occasional 
animal which is more susceptible to sodium amytal 
than the normal. 

These facts appear to be directly related to the 
action of sodium amytal, for rats demonstrate no sex 
difference to nembutal. The dose for both males and 
females is the.^me as the male dose of sodium amytal 
in a ten per cent, solution. The injection of Ringer’s 
into the blood stream of rats over-anesthetized with 
nembutal is not effective. 

The injection and dilution experiments indicate that 
resistance to sodium amytal is in some way related to 
the water metabolism of the animal. This is further 
supported by the correlation between the time of the 
development of the sex difference in rats and the dif¬ 
ferential growth rate of the hypophysis and the 
suprarenal glands. The castration experiments then 
imply that in the adult the testes influence the water 
metabolism control, although when removed before 
this function is developed, other factors within the 
body compensate for their loss. 

Donald H. Barron 
OSBOEN Zoological Laboratory 

Tale TTniversitt 

SIBLING RESEMBLANCE AND ITS RELA¬ 
TION TO AGE INTERVAL 

Stocks^ has recently published on investigation in 
which the resemblance of siblings in a number of 

* H. H. Donaldson, ' * The Rat: Data and Reference 
Tables. ” Memoirs of the Wistar Institute of Anat. and 
Biol., No. 6, Philadelphia, pp. 469, 1924. 

1 Percy Stocks, ‘ * A Biometric Investigation of Twins 
and Thdr Brothers and Sisters,” AnnoZs of Eugenia, 
4; 49-108. 1930. 
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physical and physiological traits has been examined 
to determine whether the interval between births of 
children of the same parents is related to degrees of 
resemblance. His results furnish no definite evidence 
that the interval between births has any influence on 
degree of resemblance in the traits studied. To date 
there has been published no direct attack of a similar 
nature upon the question of resemblance in mental 
traits. 

For the past two years the author has been collect¬ 
ing data fr'otn intelligence tests administered to two 
or more members of a family with the idea of trying 
to reveal any relationship existing between age inter¬ 
val and degree of resemblance of siblings m mental 
capacity (withbi the limits to which paper and pencil 
tests measure mental capacity). The present results 
are based on the records of 1,012 pairs of native-born 
white siblings, representing 614 families and having 
age differences ranging between one and eleven years. 
Three groups, including superior, average and inferior 
ability, respectively, were obtained by drawing upon 
schools enrolling children from widely different socio¬ 
economic strata. 

In all cases the two members of a pair were tested 
with the same tests and under similar conditions, in 
so far as this was possible. For example, children 
from any one school were all tested when they had 
progressed to a given grade level, so that the average 
ago at test was approximately equal for the older and 
younger mcmbcrB of all pairs. 

The principal method of analysis employed to dis¬ 
cover any possible relationship existing between age 
interval and difference in intelligence was that of 
product-moment correlation. For each group of data 
this rolationsliip was computed by entering the differ¬ 
ence of a pair in I. Q. on the x axis, and their dif¬ 
ference in age on the y axis. The obtained correla¬ 
tions, as will be seen from Table 1, indicate no 

TABLE 1 

Relation Between I. Q. Diiterence and Aoe Intebval 
or Siblings 

X = I. Q. difference 
Y = Age difference in months 


Group r*, P.E.* M, M, o, a, N* 


I -.001 .030 10.59 41.04 7.83 23.70 359 

II -.006 .049 11.65 32.34 8.04 16.78 188 

III +.058 .032 10.86 43.20 8.10 25.26 466 


* The values of N given here, and employed in comput¬ 
ing the values of P, E. hero reported, are in each cose 
the number of pairs, and, since some individuals entered 
more than one pair, are greater than the actual number of 
cases involved. These P. E. values are therefore slightly 
below the true probable errors. 


tendency for children within a family, far apart in 
ago, to resemble each other less than children born 
near together. 

The data of Group I are probably most free from 
selective factors favoring the inclusion of bright 
young and dull older sibs. In this group the mean 
I. Q. of the 359 paired as older was found to be 117.6 
as compared to a mean of 118.0 for the 359 paired 
as younger. The difference in mean I. Q. (.4) is less 
than its own probable error, and gives no evidence of 
superiority of later over earlier bom members of a 
family. It may also be pointed out that the degree of 
sibling resemblance has been computed for each group 
of data. This has been done by entering the I. Q. of 
the older member of each pair on the x axis, and the 
I. Q. of the younger on the y axis. The resulting 
values for r were .49, .52 and .34, respectively. The 
first two of these are probably fairly accurate mea¬ 
sures of the degree of sibling resemblance in repre¬ 
sentative groups; the latter is lower than the true 
degree of resemblance because of a marked restriction 
of range in the data employed. 

F. H. Finch 

Ukiveesitt or Minnesota 
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SOLAR ECLIPSE PROBLEMS* 

By Dr. J. H. MOORE 

ABTBONOHEB IN THE LICK OBSERVATORY 


A TOTAL solar eclipse affords an opportunity to 
study the faint outer portions of the sun, invisible 
under ordinary conditions. Several serioas attempts 
have been made to observe the solar corona without 
an eclipse, and althou^ partial success has recently 
attended certain observations of tiiis character we still 
are confined to the fieeting moments of totality for a 
study of its detailed structure* Moreover, at the time 
of a solar eclipse we are able to investigate most 
efficiently the speotnun of the chromosphere, and from 
such studies to obtain important information, not only 
eoneeming the distribution of the elements within the 
sun’s atmosidiere, but also of the physical conditions 
obtain there. These two fields of research in 
solar physics may be regarded as preeminent among 
those aesMUAted with a total eclipse of the sun, and 

I Address of the reUxing vice-pceaideat and chairman 
el dotdton IKnAitronomy, Amenesii Association for the 
AdsaiMsmsnt of ttdenee, Atiaatio Oitri iTeeember, 1932. 


it is to certain of the problems related to the constitu¬ 
tion of the chromosphere and the corona that I wish 
to direct your attention, stressing the observational 
more than the theoretical a8pd||||^ 

Thh Chromosphekb 

Immediately preceding and following totality when 
the glaring photosphere is hidden behind the moon’s 
limb, the outer portion of the solar atmosphere ap¬ 
pears as a narrow brilliant scarlet-colored oresoCnt 
To this envelope of the sun, Lookyer gave the name of 
ohromosphere. Its spectrum was first observed at the 
eclipse of 1870 by Young, who found it to consist of 
bright lines on a dark background, which flash out as 
the photosphere is hidden, and remain for a few seo- 
ondsy until covered by the advancing moon. This 
^^flash spectrum” was regarded by Young as a reversal 
of the Fraunhofer lines whose origin was ascribed to 
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the ‘^reversing layer/’ a shell of comparatively shallow 
depth, as shown by the brief duration of the flash. 

Although numerous attempts were made to observe 
the spectrum of the chromosphere visually at succeed¬ 
ing eclipses, it was not until 1893 that the first photo¬ 
graphs of the flash spectrum were secured by Fowler 
in West Africa and by Shackle ton in Brazil. These 
observers employed prismatic cameras, a type of in¬ 
strument admirably adapted to this particular prob¬ 
lem, since the chromospheric crescent is so narrow that 
the slit of the spectrograph may be dispensed with. 
The spectnim recorded on the pliotographic plate con¬ 
sists of monochromatic images of the crescent in the 
different wave-lengths emitted by the chromosphere. 
Spectrographs of this form have generally been used 
in photographing the spectrum of the chromosphere at 
subsequent eclipses. Prism systems, of one, two or 
three prisms, or plane gratings, have been employed 
with camera lenses of various focal lengths, depending 
upon the region to be studied and the dispersion de¬ 
sired. Some observers have obtained beautiful flash 
spectra with the concave grating spectrograph in its 
alitless form. Photographs made in quick succession 
with an instrument of this type will record the chang¬ 
ing spectrum at the sun’s limb, Fraunhofer, flash and 
prominence spectra. 

At the moment when the last vestige of the 
photosphere has disappeared the dark lines of the 
ordinary solar spectrum are replaced by the bright 
lines of the chromosphere, the lengths of the arcs be¬ 
ing obviously an indication of the heights to which 
the various emissions can be traced. The majority 
of the lines are found at low levels and disappear at 
heights of only a few hundred kilometers, while a few, 
like those of helium, hydrogen and ionized calcium, 
ascend to heights of from 7,500 to 14,000 km. 

While the procedure of recording the chromospheric 
spectrum, outlined above, appears to be quite simple, 
in practise it encounters certain diflSculties. Aside 
from those common to most eclipse observations of 
adjusting and operatj|||!^' apparatus under trying con¬ 
ditions, there is the serious one of making the ex¬ 
posure at the proper time to obtain the fainter lines, 
which are visible for only about a second. This dif¬ 
ficulty is obviated by the method devised by Campbell, 
in which the changing spectrum in a short central 
section of the crescent is recorded on a moving plate. 
The procedure consists in placing immediately in 
front of the plate a narrow slit parallel to the length 
of the spectrum, so that only a very short section of 
the crescent falls upon the sensitive film. The plate 
is then moved at a uniform rate behind the slit in a 
direction perpendicular to its length. By starting the 
exposure 26 or 30 seconds before second or third con¬ 
tact and continuing it for as many seconds after, a 
continuous record is obtained of the changing spec¬ 


trum at the sun’s limb from the Fraunhofer to the 
emission lines. The method was successfully em¬ 
ployed by Campbell at the eclipses of 1898, 1900, 
1905 and 1908. One of the chief difOculties he en¬ 
countered with it was in obtaining a uniform motion 
of the photographic plate with the mechanical devices 
then available. Trouble from this source has been 
overcome at recent eclipses by driving the plate car¬ 
riage by an electric motor of constant speed. 

Spectrograms taken on the moving plate furnish a 
continuous record of the changes that take place in 
the spectral lines at only one point on the sun’s limb 
as different levels of the solar atmosphere are covered 
or uncovered by the moon. On such photographs we 
note again the great heights shown by the lines of 
ionized calcium, hydrogen, helium, ionized strontium, 
the intermediate heights given by the lines of other 
atoms, generally in the ionized state, and the great 
number of the lines in the lower levels given for the 
most part by neutral atoms. One is impressed with 
the fact that while the spectrum of the chromosphere 
appears to be a reversal of the Fraunhofer spectrum, 
there are marked differences between the intensities of 
corresponding lines in the two spectra. The most 
pronounced dissimilarities are found in the enhanced 
lines or those that are given by ionizesd atoms, such 
lines being especially prominent in the chromosphere. 
Certain radiations appear in the flash spectrum that 
are not represented in the solar spectrum, while to 
some strong Fraunhofer lines there correspond only 
weak lines in the spectrum of the chromosphere. 
Most of these peculiarities that were once so puzzling, 
are now explained in a beautiful manner by the theory 
of ionization, first stated by Saha and developed in 
further detail by the contributions of Milne, Russell, 
E. H. Fowler, Eddington, and others. 

Since the intensity of a spectral line depends upon 
the number of atoms acting in a given time to produce 
it, the relative number of atoms that are in the neutral 
and ionized states becomes a question of considerable 
importance in the interpretation of spectra. On the 
assumption that the general laws of thermodynamics 
apply equally well to electrons and molecules, Saha 
was able to calculate the degree of ionization that 
takes place in gases under different conditions of 
temperature and pressure. It was found that ioniza¬ 
tion is favored by increase in temperature or decrease 
in density of the gas, and that for different elements 
at the same temperature and pressure the degree of 
ionization is less for the one of greater ionization 
potential. 

At the higher levels in the chromosphere the density 
must be much less than in those near its base, conse¬ 
quently the ionization is increased in spite of the 
somewhat lower temperature. The e^ttenaion of 
the enhanced lines to heights greater than those of the 
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neutral atom and the strength of these lines in the 
flash spectrum is thus seen to be the result of de¬ 
creased density within the chromosphere. The 
familiar lines of calcium furnish an interesting illus¬ 
tration the point in question. The ultimate line 
of the neutral atom, g, or X 4227, extends to a height 
of about 5,000 kilometers, while the H and K lines 
given by the ionized atom are visible to a height of 
14,000 kilometers. Above 5,000 kilometers practically 
all the calcium atoms are ionized, leaving none to emit 
the lines of the neutral atoms, while the lines of the 
ionized atom appear as far up as the level where the 
chromosphere thins out entirely. Similar differences 
are found between the enhanced lines and those of 
the neutral atoms of strontium, scandium, titanium 
and other elements. 

One might expect that the relative heights of the 
lines would correspond to the atomic weights of the 
elements, the greater heights being associated with 
elements of lower atomic weights. Calcium, however, 
with an atomic weight nearly twice that of sodium, 
can bo traced to a greater height than either hydro¬ 
gen or helium. This puzzling fact may be explained 
as the selective effect of radiation pressure. Above 
1,500 km the sodium atoms are completely ionized, 
and the lines of ionized sodium lie in the far ultra¬ 
violet, where they are not observable. Ionized calcium, 
on the other hand, has strong ultimate lines in the 
visible region and so ascends to great heights. 

Not only do the lines of greatest intesity, in general, 
reach the highest levels, but it is found that for any 
element the lines of greatest intensity and extending 
to the greatest heights in the chromosphere arise from 
multiplets of the lowest excitation potential. An 
interesting example of the relation of intensity and 
excitation potential is shown by the two pairs of Fe 
lines given by the neutral atom at XX 3887.0 and 
3886.3, and XX 3878.0 and 3878.6. Though of com¬ 
parable intensity in the sun, the second line of each 
pair is stronger in the flash, and arises from the lowest 
energy level in the atom, while the first ones come 
from the next higher level, with an excitation potential 
greater by only one volt 

This qualitative study of flash spectra has called 
attention to the fact that the heights to which the in¬ 
dividual lines can be traced depends largely upon 
their intensities, which in turn are functions of abun¬ 
dance, atomic weight, ionization potential, excitation 
potential, etc. 

A quantitative investigation of sueh spectrograms 
involves the determination of the wave-lengths, in- 
tensitiee and heights of the various spectral lines and 
is obviously a work of considerable magnitude. 
Studies of this character have been made by several 
inyestigators. Two of these have been published 


within the last two years, the one by S. A. Mitchell 
and the other by D. H. Menzel. Since they are the 
most extensive and thorough investigations of the 
flash spectrum that have been made, they merit our 
special attention at this time. 

Mitchell’s discussion is based largely upon his flash 
spectra obtained at the eclipses of 1905, 1925 and 
1930, and includes the region from X 3066 to X 7065. 
His spectra were taken on a stationary plate, with a 
concave-grating spectrograph used in its slitleas form. 
Menzel’s results wore derived from the Lick spectro¬ 
grams taken without slit, the dispersion being given 
by prisms of flint or ultra-violet glass. These were 
supplemented by data obtained from spectra secured 
at the 1906 eclipse on fixed plates. The region of 
spectrum investigated by him was from X 3229 to 
X 6328. 

Intensities of the chromospheric lines were estimated 
on the Rowland scale and for these the two observers 
are in satisfactory agreement. Their values for the 
relative heights of the high and low level lines, how¬ 
ever, exhibit marked disagreement. Several explana¬ 
tions for this have been offered. The heights of the 
chromospheric vapors are derived from the angular 
length of the cusps on the stationary plate, while^on 
the moving plate these heights are measured from a 
zero level somewhat arbitrarily chosen as the point 
where the continuous background seems to fade out. 
Moreover, these heights would be expected to be dif¬ 
ferent, since^they depend in part upon the speed of the 
spectrograph and of the photographic plate used. 
Differences arising from the choice of zero level, or 
from the speed of the recording apparatus, should 
not affect materially the relative heights of high and 
low level lines. The presence of a valley or mountain 
on the moon at the point of contact or near the ends 
of the cusps may readily give erroneous values of 
relative heights determined on the stationary plate, 
while lack of uniformity in the motion of the moving 
plate will produce similar errors. In order to check 
the uniformity in motion of the plate the second- 
breaks of a chronometer have been recorded on spec¬ 
trograms secured by the method of the moving plate 
at recent eclipses. This is not the place to discuss 
the relative merits of the two methods of observing 
the flash spectrum; each has Hs own advantages and 
disadvantages. The record obtained by the one 
method offers a valuable chock upon that of the 
other, and both were used by the Lick Observatory 
expedition at the eclipse of last August, as well as in 
1906. 

Frojn the preceding discussion it will be evident 
that great caution should be exercised in drawing 
conclusions concerning apparent variations in the 
depth of the chromosphere from observations made at 
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different eclipses. Both Mitchell and Menzel haye 
found evidence of such changes in ohromospherio 
structure. On Mitchell's speotrograms of the 1905 
and 1926 eclipses, taken with the same instrument, the 
lines of intermediate level are noticeably higher in 
1925 than 1905, although no systematic difference is 
shown for the high level lines. Menzel's heights for 
the 1908 eclipse are uniformly lower than those de¬ 
rived from the 1905 plate. After careful conaidera- 
tion of all possible contributory factors, he is led 
to the conclusion that his observations indicate a real 
difference of height in the chromosphere at the two 
dates. In each case the greater heights were obtained 
at the time of greater solar activity, which is in 
harmony with what we should be led to expect from 
our present views of the structure of the chromo¬ 
sphere. More data, however, arc needed before a 
variation of the character suggested can be considered 
as established. 

Data of intensities and heights determined from 
flash spectra enable us to derive the distribution of 
the atoms at different levels, or the density gradient 
in the chromosphere. There are two independent 
methods by which this may be accomplished: (1) from 
the line intensities measured at different levels; (2) 
from the relation of the theoretical intensities of the 
members of multiplete to the heights of the correspond¬ 
ing linea Menzel determined the relative intensities 
at six different levels in the chromospheric spectrum 
from microphotometer measures of the 1905 spectro¬ 
gram. Ijaboring under the severe handicap of not 
having the characteristics of his plate defined by 
standard squares, he was forced to check his material 
from the interagreement of the data for different 
lines. The method of employing intensities at differ¬ 
ent heights along the spectral line, although appar¬ 
ently the most direct one for determining the density 
distribution, is complicated by the fact that the energy 
at a given level is the integrated light of this and the 
higher levels. It also becomes necessary to correct 
the observed intensity for the effect of self-reversal. 

Both Mitchell and Menzel have used the second 
method of deriving the density gradient in the 
cliromosphere up to a height of 2,600 km. The in¬ 
tensities of the members of a multiplet may he com¬ 
puted from the formulae relating the transition 
probabilities to the energy emitted by the different 
lines. It is then possible to derive a simple expression 
for the number of atoms per unit volume that are in¬ 
volved in the emission of a line of given intensity. 
From a knowledge of the heights to which the dif¬ 
ferent lines of the multiplet extend in the chromo¬ 
sphere and the relative number of atoms concerned in 
the production of the lines, the relative concentration 
of the atoms at different levels may readily be 


obtidned. In Mensel's discussion, ail elements were 
grouped together, while Mitchell discussed the ele^ 
ments separately. Their results are in good agree¬ 
ment and show that the density gradient for the 
lower chromosphere is much less than would be ex¬ 
pected in an isothermal atmosphere. It corresponds 
closely to that which would be given by an atmos¬ 
phere of hydrogen in gravitational equilibrium, while 
at higher levels the chromosphere is even more dis¬ 
tended, It is of interest to note in this oonneotion 
that Menzel found the electron pressure at the base 
of the chromosphere to be about 10'^ atmospheres or 
about 600 times smaller than KusselL's value for the 
pressure at the base of the reversing layer. 

One of the most important fields of spectroscopic 
investigation is the determination of the energy 
emitted by a spectral line or the absolute intensity of 
the line. The problem on the experimental side is an 
extremely difQcolt one. Some progress, however, has 
been made by Unsold and others for the strong 
resonance lines in the solar spectrum. Pannekoek and 
Minneart have attempted a similar investigation for 
the lines of the flash spectrum, utilizing for this pur¬ 
pose their high dispersion spectrograms secured at 
the eclipse of 1927. After calibration of the spectra 
through comparison with standard sources and elimi¬ 
nation of the effects of instrumental and atmospheric 
absorption they were able to determine the abeolute 
surface intensity of the chromosphere. The observed 
intensities for lines in well-known multiplets were 
compared with their theoretical intensities and found 
to increase more slowly than the latter. They inter¬ 
pret this as indicating an appreciable amount of self¬ 
absorption in the ohromospherio layer when viewed 
tangentially. The density gradient for hydrogen de¬ 
duced by them shows characteristics similar to those 
noted above. 

The intensity of a spectral line, whether emission 
or absorption, is a function of the abundance of the 
element producing it. For an assembly of atoms in 
thermodynamic equilibrium the relation may be easily 
derived. Bussell has, after making aUowanoe for de¬ 
parture from thermodynamic equilibrium, utilized this 
relation in a most skilful investigation of the abun^ 
dance of the various elements in the solar atmosphere^ 
On the basis of the lines in the Fraunhofer spectruatL 
Since the intensities in the solar spectrum are esti¬ 
mated on an arbitrary scale, that of Bowlond, it is 
necessary to reduce these to the scale based on theo- 
i^cal intensities, before they can be used for d^ 
termining the relative number of atoms engaged in 
the production of different lines. The ealibration of 
Bowland's scale was obtained by comparison of tile 
estimated and theoretical intensities of muUipktiu 
Following Bussell's .procedure, botii IGtiih^i god 
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UeiuBel have detenmned the abundanee of the vahoufi 
elements in the ehromoaphexe. The vesolU adiow that 
for all the elements investigated, there appears to be 
little difCerenee, exeept for hydrogen, between the 
relative abundance derived from Fraunhofer and flash 
spectra. Hydrogen seems to be considerably more 
abundant in the chromosphere than in the reversing 
layer. 

By plotting the ratio of the number of atoms giving 
rise to multiplets in the reversing layer and chromo¬ 
sphere ^^nst the excitation potential of these lines 
Mensel flnda evidence that the number of highly ex¬ 
cited atoms in the chromosphere is greater than that 
predicted by the Boltzmann law. This exce^s, which 
increases with the excitation potential, is closely allied 
with the effect found by Bussell and Adams from 
stellar spectra and generally known as the deviation 
of stellar atmospheres from thermodynamic equilib¬ 
rium. In the chromosphere, however, it seems to be 
greatly intensifled. 

Determination of the temperature gradient in the 
chromosphere from the intensities and heists of the 
flash lines meets with certain difficulties, chiefly for 
the x^ason that the procedure of referring the ob¬ 
served intensities to the theoretical ones automatically 
corrects for possible temperature gradient. The ob- 
servationB aflord some evidence that the mean tem¬ 
perature of the chromosphere is about 1,000 degrees 
lower than that of the reversing layer, and that the 
temperature gradient is low. 

It appears then that the observed chromosphere 
lies above the layers that contribute the major portion 
of the absorption in the wings of the Fraunhofer 
lines, and that the chromospheric absorption accounts 
only for the central dark cores of some of the strong¬ 
est lines. To this extent alone is the chromosphere 
the seat of Fraunhofer absorption. 

The need for more observations of the flash spec¬ 
trum is apparent Spectrograms should be secured 
with both stationary and moving plates with as high 
dispersion as feasible and should be provided witli 
photometric standards to permit of accurate calibra¬ 
tion. The region of the infra-red is still a virgin 
field The study of prominence spectra is also an 
important and closely related field of investigation 
whidi has been cultivated but slightly. A further in¬ 
vestigation of the relation of the structure of the 
chromosphere to the cycle of solar activity is worthy 
of attentioxi* Advantage should be taken of the ex¬ 
cellent Opportuidty for seeming spectrograxns of the 
flash at a parldal eclipse. 

On the tiieoretical side important contributions 
to the problem of the stmeture of the chromosphere 
have botixi ma^ by a number of investigatotB in an 
attempt to explain the small daneity gradient and the 


great heights to which the chromosphere extends. 
Milne has developel a beautiful theory of the equilib¬ 
rium of an atmosphere of ionized calcium atoms sup¬ 
ported by radiation pressure. It accounts for the 
high levels at which ionized calcium is found, and 
certain other phenomena of the chromosphere, but 
does not give the observed density gradient or emis¬ 
sion of sufficient intensity. Moreover a chromosphere 
of the quiescent type postulated by the theory does 
not exist McCrea and Rosseland have colled atten¬ 
tion to the effect of turbulence in the sun^s atmosphere 
as an efficient aid in tho support of the chromosphere. 
Pannekoek has shown that the electrons in an atmos¬ 
phere, owing to their small atomic weight, would rise 
to great heights if they were not kept down by the 
attraction of the positively charged ions. This attrac¬ 
tion, on the other hand, aids in keeping the ionized 
atoms at high levels. Menzel has made a careful 
discussion of the various theories and concludes that 
an extension of McCrea’s theory to include the effects 
of self-reversal and Pannekoek’s and Stewart’s 
theories of electrostatic levitation gives a fair repre¬ 
sentation of tho observed density gradient in the 
chromosphere and of the general feature of the flash 
spectrum. 

Thje Corona 

From the brief review of the present status of cer¬ 
tain problem^ relating to the structure of the chromo¬ 
sphere, it will be seen that real progress has been 
made toward a solution of at least a few of them. 
Tho situation with reference to the problems of the 
corona is less encouraging. Important facts concern¬ 
ing it have been established, but they are more or less 
isolated and in general their relations to each other 
are unknown. The paucity of results obtained thus 
far is due, primarily, to the imique condition that 
the opportunities for observing the corona are few 
and the time available ior its study, at any one eclipse, 
is at beat of but a few minutes’ duration. Fortunate 
indeed would be the observer who could obtain an 
hour of totality with clear skies, in his entire life¬ 
time. 

Photography of the corona has comprised a part 
of the work of most expeditions that have observed 
total eclipses of the past fift^ years. One of the 
most extensive series of coronal photographs is that 
obtained by eclipse expeditions of the Lick Observa¬ 
tory, These photographs were secured with oameraa 
of various focal lengths, but since 1892 the more 
important observations of this charact^ have been 
made with a form of photographic telescope designed 
by J. Sehaeberle and used by him at that time in 
Chile. In tins instrument the lens, of 6 inches aper¬ 
ture, ronains stationary and the diurnal travel of the 
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son is allowed for by moving the photographic plate 
in the focal plane of the lens. The photographs se- 
cut^d with it have generally been of excellent quality 
and reveal the intricate detail of structure, as well as 
the faint outer portions of the corona. The obvious 
advantages of large scale photographs of the corona 
have led other observers to employ cameras of even 
greater focal lengths. 

At the eclipse of August 31, 1932, the responsibility 
for this part of the Lick Observatory program was 
undertaken by W. H. Wright. After careful con¬ 
sideration of the most advantageous form of instru¬ 
ment for coronal photography, he abandoned the 
40-foot camera of the Schaeberle type for two photo¬ 
graphic telescopes of 5 inches aperture and 15 feet 
focal length, rigidly mounted on a polar axis. The 
lenses are of excellent quality and are estimated to 
have about five times the speed of the 40-foot camera. 
This arrangement proved to be a very fortunate one 
at an eclipse where clouds were present, since it was 
possible to secure a gi'eater number of photographs 
and to obtain a few of exceptionally long effective ex* 
posures. The superior quality of Wright’s photo¬ 
graphs fully supports the wisdom of his choice of 
instruments. When enlarged to the scale of those 
taken with the 40-foot camera they are equal, if not 
superior, in the excellence of their definition and in 
the delineation of coronal detail. 

Photographs of the corona secured in this manner, 
although subject to the limitations of a composite pic¬ 
ture of structural detail at different positions along 
the line of sight, afford a basis for study of the 
general form and structure of the corona. 

It has long been known that the shape of the corona 
near the time of maximum in the sun-spot cycle is 
different from that near minimum sun-spots. The 
type of corona associated with sun-spot maximum is 
approximately circular in form, while that near 
minimum is roughly rectangular with the polar 
brushes and wing-Iike extensions at lower latitudes in 
which the sun-spots and prominences are found. 
Ludendorff has devised a simple method of represent¬ 
ing more precisely the form of the corona through 
the ellipticity of lines of equal intensity drawn on 
coronal photographs. Studies made by him in this 
way, of the coronas from thirteen eclipses secured at 
different phases in the sun-spot cycle, reveal a closer 
relation between the coronal shape and the actual 
number of spots visible for a few days preceding and 
following the date, than with the phase in the solar 
cycle. From a study of the coronas observed since 
1860, Lockyer has found a close correlation between 
the shape of the corona and the position of« the 
prominences, the maximum type occurring when 
prominences are near the polar region. 


Examination of the individual detaib in iiie corona 
has revealed a connection in some cases between the 
long streamers and prominenees visible at the limb. 
The structure of the inner corona is affected to a 
marked extent in the neighborhood of prominences. 
On the other hand, in only a few instances has it 
been possible to trace a direct connection between 
disturbed areas in the corona and large spots, or 
groups of spots, visible near the sun’s limb. “Arches,” 
“hoods” or “striated cones” are marked features of 
the inner and middle corona and are especially con¬ 
spicuous near sun-spot maximum. In most instances, 
they are found to be erected over a large prominence 
and thei^ forms suggest that the coronal materials 
are being driven outward from the prominence. That 
such is the case was found by Miller, who compared 
large scale photographs of the corona in 1918, taken 
at three separate stations, those of the Lick, Lowell 
and Sproul expeditions. Measures were made on 
three arches surrounding three conspicuous promi¬ 
nences. These gave fairly accordant results and in¬ 
dicated that in the twenty-six minutes that elapsed 
between the times of the Lick and Sproul photographs 
the arches had receded from the sun, with an average 
speed of about ten miles per second. Other attempts 
to detect motion of the coronal details on direct photo¬ 
graphs taken at one station or by comparing those 
from widely separated stations have yielded little 
more than the result that, for the most part, the 
motion is small. 

Progress in acquiring information about the spec¬ 
trum of the corona has been painfully slow. The rea¬ 
sons are not far to seek. The coronal spectrum is 
very weak and the opportunities for observing it are 
few. The inner corona, up to about ten minutes of 
arc from the sun’s limb, gives a continuous spectrum 
upon which are superimposed a number of bright 
lines extending to distances of from 6' to 10’ from the 
sun. With the possible exception of the strong red 
line at \ 6374, none of these have been observed in 
laboratory spectra or in those of the stars or nebulae. 
About 42 coronal emission lines in the region k 3164 
to k 6800 have been reported by various observers but 
in the case of half of these it is extremely doubtful 
whether they are of coronal origin. The strongest 
lines are the well known one in the green, k 5303, and 
the ultra-violet line, k 3888. Next in intensity are 
kk 6374, 3601, 4231, etc. The wave-lengths of but a 
few are known to a tenth of an angstrom, those of 
k 5303 and X 6374 being the most accurately de¬ 
termined. 

Altbou^ the slit spectrograph is superior to the 
slitless form for wave-length determinations, Cpeotro^ 
grams obtained with the latter instrument yield in^ 
formation of the greatest value coneeming ibe dis-^ 
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tribution of iatensities in the coronal emisaionB. The 
radiation in a single line is found to have very differ¬ 
ent intensities in different parts of the inner corona. 
The coronal ring exhibited by 1 5303, for example, is 
very faint in the polar regions and even at lower 
latitudes shows a marked variation in intensity. At 
the eclipse of 1918, this radiation was strengthened 
near the bases of the prominences and had its greatest 
intensity near the eruptive prominence at the south¬ 
west limb of the sun. Similar effects are to be seen 
in the green coronal zing obtained at the eclipse of 
last August, its greatest strength being shown near 
the two prominences on the west limb, while it was 
extremely faint over the whole east limb. On the 
same spectrogram the coronal ring in X 6374 shows a 
more uniform distribution than X 5303, although it, 
too, is weak in the polar regions and of greatest 
strength near the prominence on the southwest limb. 
In other details the distribution in the two radiations 
shows great dissimilarity. This difference, noted also 
by other observers, indicates that the two radiations 
can not take their origin in the the same atom in the 
same state of ionization. 

Studies of the distribution of the intensities ex¬ 
hibited by the different coronal radiations enable us 
to group together lines of like behavior and should 
prove an important aid in the identidcation of the 
atom, or atoms, responsible for these emissions. 
Some of the stronger coronal lines have been so 
grouped by several observers, but there is a manifest 
disagreement in their opinions in this matter. At 
present, there seems to be reliable evidence that X 3601 
and X 4086 belong together and that X 5303 and X 3388 
form a pair, but the data for the others are not suf¬ 
ficient to permit their classification. 

The great variation in intensity of the emission in 
different parts of the corona obviously limits the 
value of line intensities derived from spectra secured 
with a slit spectrograph and also accounts to a large 
extent for the failure to observe certain lines at one 
eclipse, which were obtained in good strength at an¬ 
other. To this^ cause may be ascribed some of the 
observed variation in the green line shown by com¬ 
paring slit spectrograms of different eclipses, although 
there seems to be some evidence that this line is 
stronger near sun-spot maximum than near the 
minimum in the cycle. One of the most fruitful 
fields of coronal spectroscopy is undoubtedly that of 
the investigation of the forma, intensities and struc¬ 
tural details in the coronal rings obtained with slit- 
lesa spectrographs of fairly high dispersion. 

Several observers have attempted to study the green 
line with an interferometer of the Fabry and Perot 
type, but without success. At the eclipse of last 
August, Shane made use of a slit spectrograph pro¬ 


vided with an etalon of 2.5 mm separation and ob¬ 
tained very weak interference fringes in the green 
line. The observation is of importance not only be¬ 
cause it explains the failure of previous attempts in 
which higher orders of interference were used, hut 
also because it gives definite indication as to the width 
of the line. This, Shane estimates to be of the order 
of one third of an angstrom. The observed width of 
the line is probably due to the effect of turbulence in 
the inner corona. 

A number of suggestions have been made as to the 
atom giving the coronal emissions. Pannekoek once 
sugg^ted that they were due to doubly ionized 
calcium. Freeman, from coincidences in wave-length, 
attributed them to argon, while Rosenthal attempted 
to identify them with radiations of the helium atom 
in a special state. None of these identifications are 
entitled to any weight. Recently Hopfield has called 
attention to an unclassified line in the spectrum of 
oxygen, having wave-length 6374.29 A. and in close 
agreement with that of the red coronal line 6374.28 A. 
de Bruin has calculated three additional lines in the 
spectrum of neutral oxygen which he identifies with 
X 5303, X 6704 and X 6775, but here again the identi¬ 
fication appears to be open to serious criticism, so 
that the great mystery of the coronal lines still 
mains unsolved. 

Many attempts have been made to study the corona 
without an echpse, but until recently all have ended 
in failure. ^One of the most important advances in 
the investigation of the inner corona made in recent 
years is that due to Bernard Lyot, who, in full sun¬ 
light, obtained the red and green lines with his spec¬ 
trograph and determined their wave-lengths. More¬ 
over, with a spectrohehograph he photographed the 
inner corona in light of these two radiations. It is 
well known that the great obstacle standing in the 
way of observations of this character is that of the 
light scattered by the atmosphere and by the image- 
forming lens. By working at the observatory of 
Pic du Midi at an altitude of 2,870 meters, he reduced 
to a minimum the scattering of light by particles sus¬ 
pended in the air. A carefully ground simple lens 
was used to obtain the image, the light scattered by 
it being excluded through use of properly arranged 
diaphragms. Only by careful attention to the 
elimination of every possible source of scattered light 
in his instrument was success finally attained. The 
possibilities offered by this method to astronomers at 
mountain observatories for studies of coronal radia¬ 
tion, without the necessity of waiting for a total 
eclipse, are certainly alluring. 

Thfe* spectrum of the corona beyond 8' to 10' from 
the sun’s limb exhibits the Fraunhofer lines of the 
solar spectrum. The relative intensities of the ooronal 
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lines seem to be quite similar to those of the sun’s 
spectrum. They haTe, however^ a hazy appearance 
which is doubtless due to the fact that they record 
light scattered by different portions of the corona in 
the line of sight. That the Fraunhofer spectrum of 
the corona is caused by the scattering of sunlight by 
coronal material in a hnely divided state is sub* 
stantiatcd by the fact that the light of the corona is 
polarized. Measures by B. K, Young of the photo¬ 
graphs obtained with polarlgraphs by lick observers 
show that the polarization is radial and that the per¬ 
centage of polarized light increases rapidly from the 
sun’s limb, reaching a maximum of 37 per cent, at 
a distance of 5% and then diminishes slowly as the 
distance from the limb increases. 

On the spectrograms secured in 1922, I measured 
the positions of the Fraunhofer lines in the coronal 
spectrum at points east and west of the sun and 
found that these were displaced toward the red with 
reference to the ordinary solar lines. The displace¬ 
ments, interpreted as a Doppler-effeot, indicate radial 
motion of the coronal particles at points 20' east and 
west of the sun’s limb of about 12 or 16 miles per 
second, a speed of the same order as that found by 
Miller. These results are subject to considerable un¬ 
certainty on account of the character of the spectra 
measured. For this reason an attempt was made to 
repeat the observations at the eclipse of last August, 
with spectrographs especially designed for this par¬ 
ticular problem. Unfortunately, the value of the spec¬ 
trograms secured is somewhat impaired by the effect 
of scattered light from the clouds covering the sun 
during totality. Preliminary measures of these plates 
indicate the presence of small displacements in the 
Fraunhofer lines of the corona east and west of the 
sun, corresponding to a velocity of recession of about 
ten miles per second. At present wo have no reliable 
information concerning the rotation of the corona. 

Our knowledge of the total light of the corona and 
the distribution of its intensity with diertanee from 
the sun is still in an unsatisfactory state. The most 


* 

reUftble information we have at presenti eoueeming 
the total brightness of the corona is to the effect tiiat 
it ia about 0i»0 that of the full moon, althou^ it 
probably varies with the cycle of solar aerivity^ 
Observations of this charaoter are beset witii numerous 
difElculties but those made by recent investigators 
give evidence that many of them have been overcome. 
A most thorough investigation of the distribution of 
coronal intensity with distance from the sun was 
made by Bergstrand, who brought to this problem 
many years of experience in the methods of photo¬ 
graphic photometry. He found that the intensity of 
coronal light in the photographic region varies in¬ 
versely as the square of the distance from the sun’s 
surface. Other obaervers have derived the law of 
variation to be according to the fourth, sixth, seventh 
and eighth powers. 

Of coronal theories there is a sufficient number to 
permit of choice according to the particular phase of 
coronal studies in which one happens to be interested. 
Mechanical, electric, magnetic and other theories have 
been suggested, but in the present state of our knowl¬ 
edge with respect to the phenomena of the corona, it 
would not be profitable to give serious oonsideratioD 
to any of them. A corona composed of electrons and 
ions will account for many of the phenomena, espe¬ 
cially those associated witli its radiation. While there 
is much to commend the theory, it too meets with its 
share of difficulties. 

The problems of the structure of the chromosphere 
and the corona are many and the solutions for a num¬ 
ber of them are still to be given. Most eneouraging 
progress has been made in unraveling the struotnre of 
the chromosphere, largely through the aid of the 
recent developments in our ideas of the behavior of 
the atom under different conditions and the maamet 
in which it radiates energy. Regarding the corona our 
knowledge is in a less advanced state, but the time is 
not far distant, in my opinion, when many of its 
complex phenomena will receive a satisfactory inter- 
pretiftion. 


OBITUARY 


ACHILLES DE KHOTINSKY 

On March 28, 1933, occurred the death, in Pent- 
water, Michigan, of Captain Achilles de Khotinsky, 
who, through his genius in invention, design and con¬ 
struction, leaves a permanent impression on physics 
and chemistry in America. Captain de Khotinsky 
was bom on January 6, 1860, in St. Petersburg, Rus¬ 
sia. Having completed the course in the Imperial 
Naval Academy, he spent the next 13 years in the 
Russian navy, in which he attained the rank of cap¬ 
tain. It was during this period, in 1878, that he first 


saw America, while on commission to supervise the 
construction of three battle cruisers for the imperitl 
navy. In the late seventies he obtained Buropean 
patents on incandescent lamps which he manufactm^ 
on a large scale in Russia, Germany, Anstria, En¬ 
gland, France and Holland. He also held a basic 
French patent on the posted etorage battery plate. 
While in England, he developed the widely used dc 
Khotinsky cement, known to every research plqniiaiet 
as indispensable in jinvestigatioiis iovolviiig vi^am 
technique. 
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Betoniing to America in 1891^ he established an 
ineandeeoeot lamp faetory in Massachusetts. As a 
result o£ patent difficulties, the plant vas closed after 
about a year of operation. Deprived of practically 
all he possessed, he came west, spending about a year 
at Purdue University. In the middle nineties he 
located at Chicago. Daring the next twenty years he 
was associated with various firms and institutions, 
among them the Western Electric Company, Wm. 
Gaertner and Company, Armour Institute of Technol¬ 
ogy and the University of Chicago. Many physicists 
and chemists who obtained their degrees from Chicago 
will affectionately recall ^^the Captain/’ as he was al¬ 
ways known to his associates and acquaintances. He 
spent eight years with Professor Michelson at Eyerson 
Laboratory, designing and constructing research ap¬ 
paratus and ruling diffraction gratings, after which he 
spent some years in Kent Laboratory as research 
mechanician. In 1916 he joined the development 
staff of Central Scientific Company, where he re¬ 
mained until 1022. Here he developed miscellaneous 
constant temperature devices, including ovens, water 
baths and thermoregulators. His contributions to 
design and production methods of military instru¬ 
ments which the company manufactured for the gov¬ 
ernment during the war were numerous. 

In 1922 Professor Eandall, of the University of 
Michigan, asked the writer to suggest some one who 
might undertake the design and construction of a 
dividing engine for ruling special diffraetion gratings, 
to be used in researches in the region of the longer 
wave-lengths. No one seemed better qualified than 
Captain de Khotinsky. Although 72 years old at 
that time, he was happy for the opportunity of 
spending the next few years in the kind of work he 
loved and in most congenial and pleasant surround¬ 
ings. In three years the ruling machine was com¬ 
pleted and in operation. Not the smallest part of 
his achievement was the method of shaping the 


diamond ruling points to produce grooves of prede¬ 
termined shape, by means of which intense spectra 
in selected wave-length regions could be obtained. 

In 1926 Captain de Khotinsky retired to Pentwater, 
to spend his declining years. 

His aehievements are numerous. In engineering be 
has to his credit many inventions and patents on in¬ 
candescent lamps, storage battery plates, and auto¬ 
matic gun-firing devices. He devised the first switch¬ 
board signal lamp. In physics he is best known for 
his de Khotinsky cement and his work in the produc¬ 
tion of diffraction gratings, while chemists and 
bacteriologists will remember him for his laboratory 
devices for the maintenance of constant temperatures, 

PauIi E. Klopstbq 
RECENT DEATHS 

Dr. Jermaix Gn.DERSLEEVB Porter, professor of 
astronomy at the University of Cincinnati and director 
of the Cincinnati Observatory from 1884 to 1931, died 
on April at the age of eighty-one years. 

Mbs. Zelu Nuttall, honorary special assistant at 
the Peabody Museum of Harvard University and hon¬ 
orary professor of archeology at the National Museum 
of Mexico, died at her home in Mexico City on April 
12, in her seventy-fifth year. 

The death is announced of Dr. Ernst Grossmann, 
professor of astronomy at Munich. 

The Duke' of the Abruzzi, who conducted explora¬ 
tions in Africa, India and the fur north, died on 
March 18, aged sixty years. 

JiTiiBS Piccard, for forty years professor of chem¬ 
istry at Basle, died on April 11. Dr. Piccard was the 
father of Dr, Auguste Piccard, professor of physics 
and physical measurements and director of the lab¬ 
oratory of physics at the University of Brussels, who 
is now visiting the United States. 


SCIENTIFIC EVENTS 


THE EIGHTIETH ANNIVERSARY OF THE 
FOUNDING OP THE CALIPORNIA 
ACADEMY OF SCIENCES 

On April 4, the eightieth anniveraary of its found¬ 
ing was eelebtated by the California Academy of 
Soienoea in its Simson African Hall, where a preview 
was arranged of the installations of habitat groups of 
ACriean mammals which are now in a stage of par¬ 
ticular interest. At tiiis function, there was a brief 
address of weloome by Mr. William H. Crocker, the 
prcsl^t of the Board of Tmsteee, who has held this 
pbfiSticm sinee 1897. Dr. C. E. Grundcy, president of 
tikS academy for over twenty-one years, referred 


briefly to the history of the academy as a scientific re¬ 
search and educational institution, whose activities 
since its inception have been made possible by gen¬ 
erous contributions and endowmonts from private in¬ 
dividuals, outstanding among which is that of James 
lick some sixty years ago. The lick endowment 
placed the academy in unrestricted ownership of down¬ 
town property in San Pranoisoo, the improvements on 
which, made with borrowed money, yield most of the 
income which makes its activities possible. 

When Mr. Leslie Simson some years ago made his 
offer to famish to the academy, free of cost» speoi- 
mefis 6f African mammals which would be needed for 
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an African hall of habitat groups, provided that a 
house for the collection were provided, it was hoped 
that some one might come forward with an endow¬ 
ment for much needed new buildings. But this did 
not happen, Mr. Simson then offered to the academy 
property worth $150,000, but with the condition that 
income therefrom should be his during hfe. His 
proposition was accepted and the academy borrowed 
$255,000 and erected a new unit to its museum build¬ 
ings in Golden Gate Park in which it has provided 
space for the departments of entomology and ichthy¬ 
ology, for the administrative offices, and for the SLm- 
son African Hall. 

In tins hall, under the direction and general plan¬ 
ning of Mr. Frank Tose, the chief of exhibits, the 
habitat groups are being installed. There will be ten 
large groups, thirteen intermediate small size groups 
and one very large watcrhole group at the end of the 
hall. Of these groups, only one is now under glass. 
The backgrounds of three small groups have been 
painted and the backgrounds of five other large 
groups are nearing completion. The lighting of the 
habitat groups will all be artificial. Their back¬ 
grounds are domed so that all structural work is con¬ 
cealed. The observ'er gets no impression of a painted 
wall. Glass fronts will be inclined so that reflections 
of opposite light areas will be thrown well up above 
the horizon where they will interfere least with a view 
of the mounted specimens. In the lion group, the 
preparator of which throughout is Mr. Tose, sunlight 
effect by a transparency behind a rugged foreground 
is startling and exceptionally realistic, made to merge 
perfectly into the surrounding well-lighted surface 
painting. 

It is notable in connection with this installation that 
there are no lighting fixtures in the hall. Abundant 
indirect light radiates from the habitat groups, all of 
which are artificially illuminated. 

The hope was expressed that sponsors would be 
found for the individual habitat groups, as has been 
the case in the academy^a hall of California wild life. 

THE NEW COMMISSIONER OF INDIAN 
AFFAIRS 

John Collier has been nominated by President 
Roosevelt to succeed Charkii J, Rhoads as Commis¬ 
sioner of Indian Affairs. In making the announce¬ 
ment Harold L. Ickes, Secretary of the Interior, made 
the following statement: 

John Collier will bring to the administration of the 
Bureau of Indian Affairs a wide knowledge of the sub¬ 
ject based upon personal contacts and intensive study 
during tho past several years. In my judgment, he is 
the best equipped man who has over occupied that office. 

Drafted by the government four years ago, Mr. Charles 
J. Bhoads has served as Commissioner of Indian Affairs 


with great distinction. His uprightness of character, his 
ability and his single-hearted desire to serve have im¬ 
pressed all who have knows him and realised the difficult 
taak he undertook. It has been my pleasure to know 
Mr. Bhoads and the fine work he has done. Beepectlng 
his repeated request to be permitted to retire to private 
life, a conscientious effort has boon made to find an out¬ 
standing and experienced man to take over his burden¬ 
some duties. Such a man I believe Mr. Collier to be. 

I am deeply concerned about the welfare of the Amer¬ 
ican Indians. I am persuaded that they are entitled to 
every consideration that the government can give them. 
The CommLsfiioner of Indian Affairs ought to be the rep¬ 
resentative of the Indians themselves in the Department 
of the Interior. Ho should be their advocate, fighting 
for their interests and pleading their cause. Those who 
seek to encroach uj^on the rights and privilogos of these 
original Americans are amply able to look out for them¬ 
selves. Unless the government selects tho right kind 
of a man as Commissioner of Indian Affairs, the Indians 
themselves are, in effect, without a frieud at court when 
substantial rights and interests of thoirs are up for ad¬ 
judication. 

I have known John CoUier fur a number of years, and 
1 have had opportunity to acquaint myself at first hand 
with the soundness of bis views and his attitude toward 
the Indian question. In addition to safeguarding the 
property rights of the Indians, he will help them to help 
themselves toward a fuller and happier life. He will 
respect their customs, encourage them in their arts and 
assist them to maintain their rich and unique culture. 
He will try to interpret them sympathetically to their 
white fellow Americans. He realizes that on the purely 
material side, our American Indians possess possibilities 
in which the white people themselves may share, if those 
possibilities are realized and cultivated. 

IN HONOR OF CHARLES £. MUNROB 

At the subscription dinner at the recent Washing¬ 
ton meeting of the American Chemical Society Dr. 
Charles E. Munroe, past president of the society and 
its only surviving charter member, was the guest of 
honor. In testimony of the esteem of the society, 
Dr, Munroe was presented with a jeweled emblem of 
the society and a purse. In presenting these tokens, 
Dr. Arthur B. I^unb, professor of chemistry and di¬ 
rector of the laboratory at Harvard University, presi¬ 
dent of the society, said, in part: 

The American Chemical Society was definitely organ¬ 
ized on April 20, 1876, in New York City, Of the one 
hundred and thirty-three charter members at that time 
the sole survivor to-day is Charles Edward Munroe. 

The first general meeting of the society was held in 
Newport, Rhode Island, on August 6 and 7, 1890, at the 
suggestion and under the chairnumship of Dr, Munroe, 
who was at that time a member of the technical staff of 
the United States Navy Torpedo Station at that eity. 
Dr. Munroe was president of the society in 1898 to 1^ 
and is honorary chairman of this, the eighty4Lfth generSl 
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meetixig of tbo American Chemical Society. He in with 
ua here to*night, as keen of wit and as full of energy, 
optimism, kindness and good will as when he assisted in 
the establishment of our society fifty-seven years ago! 

Dr. Munroe was bom in Cambridge, Massachusetts, m 
1849. He graduated from the Lawrence Scientific School 
at Harvard in 1871 and stayed on as instructor in quan¬ 
titative analysis in the chemical department of the uni¬ 
versity until 1874. 

From Harvard, Hr. Munroe went as professor of chem¬ 
istry to the Naval Academy at Annapolis. After twelve 
years there he became chemist to the Torpedo Corps, 
United States Naval Station, and War College, and to 
other bureaus of the Federal Government; and there¬ 
after, professor of chemistry and dean of the graduate 
faculty of George Washington University. Ho is the 
inventor of smokeless powder, discoverer of the Mun¬ 
roe Effect/* and author of a hundred or more articles 
and books on chemistry and explosion. 

But as Dr. Wiley has said, Dr, Munroe *s greatest 
works are not found in the scientific papers that he has 
published nor in the dangerous researches that he has 
made, but in the hearts and lives of the thousands he 
has taught. 

Dr. Munroe, as I have said, was born in 184.9. Gold 
was discovered that year in Cambridge as well as in 
California—for Dr. Munroe *8 heart is made exclusively 
of that noble metal 1 

It is then with the greatest pleasure and satisfaction 
that I hand to you, Dr, Charles Edwin Munroe, first, 
this gold pin carrying the emblem of our society, and 
secondly, these gold certificates of the United States 
Treasury, as tokens of our respect, our admiration and 
our affection. 

THE AWARD OF THE WILLARD GIBBS 
MEDAL TO DR. RICHARD 
WILLSTAETTER 

Dr. Richard WiLLSTAErxEB, of Munich, who re¬ 
ceived the Nobel Prize in 1915, has been awarded the 
Willard Gibbs Medal of the Chicago Section of the 
American Chemical Society, 

The award is made for Dr. Willstaetter's work in 
chemistry, especially in the chemistry of chlorophyll. 
His name is ajded fco the list of twenty-one other Wil¬ 
lard Gibbs medalists “whose work in either pure or 
applied science has received world-wide recognition.” 
The jury which voted the medal consisted of twelve 
American leaders representing every branch of chem¬ 
istry. 

The medal will be conferred on Dr. Willstaetter in 
Chicago on September 13 during the eighty-sixth 
meeting of the American Chemical Society, which 
will be held in connection with the Century of Prog¬ 
ress Exposition. A distinguished group of scientists 
Europe and America will witness the ceremony. 

A statement from the American Chemical Society 
fiays: 


Dr. Willstaetter is known for his researches in organic 
chemistry, particularly in biochemistry. The chronicle of 
his career in science is the record of a groat mind suc¬ 
cessfully attacking, in logical sequence, some of the most 
difficult problems in organic and bio chemistry. 

The greatness of Dr. Willstaetter as a chemist lies not 
only in bis signal accomplishments, but in his ability 
to perpetuate his influence by opening the way for the 
work of others. He has conquered barren wildernesses 
of ignorance and left them fertile fields where others as 
well as himself might gain rich reward. 

Honored by scientific societies all over the world for 
his contributions to the field of organic chemistry, Dr. 
Willstaetter last year was awarded the Davy Medal of 
the Royal Society in London, His sixtieth birthday last 
August was widely celebrated in Germany. 

One of the best known of all European chemists, Dr. 
Willstaetter *s first great independent research was with 
the cocaine alkaloids, the result of which ^^set the field 
in order** and culminated in the synthosis of cocaine. 
Next he attacked the quinines and quininoid substances, 
and discovered ortho-quinine and proof of the structure 
of aniline black. 

Work on the cyclic hydrocarbons, important in the oil 
industry, was the next step in Dr. Willstaetter *s scien¬ 
tific career, the most notable achievement in this field 
being the synthesis of cyclo-octatetrene, a cyclic sub¬ 
stance having alternating single and double bonds, I at 
not aromatic in nature. 

An outstanding chapter m Dr. WUl8taett©r*8 studies 
was his investigation on the structure of chlorophyll, the 
green coloring matter of leaves which is present in all 
growing vegetable cells, and the assimilation of carbon 
dioxide by plants. Ho proved the identity of chlorophyll 
from many plants, demonstrated the existence of two 
chlorophylls, and their close association with the caroti- 
noids, a widely distributed plant pigment. 

From products derived after breaking down chloro¬ 
phyll, Dr. Willstaetter disclosed most of the secrets of 
its structure, thus contributing greatly to science *b knowl¬ 
edge of the vegetable kingdom. His researches with the 
anthocyanins, flower pigments, demonstrated the close 
relationship of this varied-hued substance to chlorophyll, 
and the simple means by which nature changes the blue 
of the cornflower to the red of the rose or the purple of 
the grape. This study of plant pigments was crowned 
in 1916 by the award of the Nobel Prize for outstanding 
chemical research. 

Dr. Willstaetter next considered the related field of 
the enzymes, chemical compounds of vegetable or animal 
origin that cause chemical transformation. By develop¬ 
ing new methods and by insisting upon checking each 
procedure through quantitative analysis, he revolutionized 
research in this field. 

Valuable contributions on many other subjects, such as 
hydrogenation with platinum and the hydrates of metals, 
have'been made by Dr. Willstaetter, in addition to his 
major researches. In most cases these lesser studies 
grew out of the need for information to assist some 
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principal experunental procedure. These investigations 
have been found to be so numerous that there is 
^'searcelj a phase of organic chemistry in which one can 
read far without encountering Willstaetter’s name.'' 

Dr. Willstaetter *s work with the cocaine alkaloids 
made possiblo the commercial synthesis of local ones* 
ihetics. His studies in chlorophyll paved the way for 


tlie triumphs of Professor Hans Fischer, at Muaioh, 
Professor James Bryant Oonant, at Harvard, in this 6eld« 
Dr. Willstaetter's experiments with the carotlaolds 
have made possible the separation of the individual eom- 
ponenta of this group and their relation to Vitamin A, 
while his researches in the ensymes ^ * lifted the veil that 
obscured the complex processes of protein hydrolysis." 


SCIENTIFIC NOTES AND NEWS 


According to press dispatches, Dr. Albert Einstein 
has accepted **with the greatest pleasure and grati¬ 
tude” a professorship in the University of Pans. It 
is said that the professorship is at the Sorbonno, but 
it is also reported that the French government has 
proposed to establish a chair of matliematical physics 
for him in the College de France. It is understood 
that this new appointment will not interfere with Dr. 
Einstein’s professorship in the University of Madrid 
or with appointments that he has accepted in Brus¬ 
sels and Glasgow. Dr. Einstein will return to the 
United States in the autumn to occupy for part of the 
year the chair of mathematical physics in the Institute 
for Advanced Study at Pnneeton. 

The Trustees of Pnneeton University announce the 
retirement of Dr. Edwin Grant Conklin, professor of 
zoology; of Dr. Charles F. W. McClure, professor of 
comparative anatomy, and of W, B. Hams, professor 
of geodesy. They will continue their connection with 
the university as lecturers. The resignation of Pro¬ 
fessor Augustus Trowbndge, dean of the graduate 
school, on account of ill health, is also announced. 
Professor Edmund Newton Harvey, professor of 
physiology, has been assigned to succeed Dr. Conklin 
in the Henry Fairfield Osborn professorship of biol¬ 
ogy, and Professor Wilbur Willis Swingle has been 
appointed to the Edwin Grant Conklin professorship 
of biology. 

Db. Mortimer E. Coolety, dean emeritus of the 
College of Engineering and Architecture of the Uni¬ 
versity of Michigan, celebrated his seventy-eighth 
birthday on March 28. During the day Dr. Cooley 
received his colleagues and friends in his room at tiie 
Engineering Building. 

Dr. Frank A. Hartman, professor of physiology 
at the University of Buffalo, has been awarded the 
Schoellkopf Medal for 1933, for his work on cortin. 
This medal is bestowed annually by the western New 
York section of the American Chemical Society for 
outstanding achievement in science. 

The Joseph A. Capps Prize for 1932 of the In¬ 
stitute of Medicine of Chicago has been awarded to 
Eugene L. Walsh, Northwestern Univesrsity Medical 
School, 1931, for his “Studies cn' the Etiology of 


Gallstones.” Dr. Walsh holds the George W. Belcheor 
fellowship in urology at the Cleveland Clinic Foundar 
tion. Honorable mention was given to Edward E. P. 
Seidmon, University of Illinois College of Medicine, 
1932, for his paper on “Influence of Vitamin Deflcient 
Diets upon Intestinal Acid-'base Equilibrium,” The 
Joseph A. Capps Prize of $500 is awarded annually 
for meritorious medical research by a graduate of a 
medical school in Chicago completed within two years 
after graduation. 

Db. Theodor Wjeqakd, Berlin, president of the 
Imperial Archeological Institute, has been made an 
hbnorary doctor of the medical faculty of the Uni¬ 
versity of Berlin. 

Dr. Victob Goldschmidt, of Heidelberg, has been 
elected an honorary member of the German Minera- 
logical Society. 

The Makdougall-Brisbane Prize of the Royal So¬ 
ciety of Edinburgh for 1930-32 has been awarded to 
Dr. A. C. Aitken, of the University of Edinburgh,, for 
contributions to mathematics published in the Pro- 
ceedings of the society, and the Gunning Victoria 
Jubilee Prize for 1928-32 to Sir James Walker, for 
work in physical and general chemistry. 

The Journal of the American Medical Association 
reports that three hundred and seventy-flv0 friends of 
Dr. Howard A. Kelly, Baltimore, gathered at a dinner 
on February 20, in celebration of his seventy-fifth 
birthday. Dr. Thomas S. Cullen, Bakiinore, was 
toastmaster, and speakers included Dr, Walter W. 
Chipman, emeritus professor of obstetrics and gyne¬ 
cology, McGill Univerrity, and Dr. Abraham Flexner, 
director of the Institute for Advanced Study, Prince¬ 
ton. A special tribute was sent to Dr. Elelly by Dr. 
William H. Welch, emeritus professor of the history 
of medicine at the Johns Hopkins University School 
of Medicine, who, since February 1, has been a pati^ 
in the Brady Clinic, Johns Hopidns HospitaL Dt^ 
Kelly, who is known as the ^'father of gynecology,” is 
professor emeritus of gynecology at Johns Hopkiiui, 
with which he has been associaited einee 1889, retiviiqr 
from active work at the school in 1019. 

Dr. William H. Pabh, general director of tiie Bn* 
reau of Laboratories of Depaxtfiient of Bealtlt jbf 
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Kiev York City, profesaor of baoteriology and hygiene 
at New York Unirendty and professor of preventive 
medidne at Bellevue Hospstal Medical College, was 
the guest of honor at a dinner given at the BiManoro 
on April Id by his friends and assooiates. The date 
was the fortieth anniversary of Dr. Park’s founding 
in New York of the first public bacteriological lab¬ 
oratory in the world. Dr. Linsly R. Williams, director 
of the New York Academy of Medicine, was chairman 
of the dinner committee and Dr. Shirley W. Wynne, 
Health Commissioner, was toastmaster. The speakers 
included, in addition to Dr. Williams, Dr. Matthias 
Nicoll, Homer Folks and Dr. C.-E. A. Winslow. 

Wb learn from Nature that at the annual general 
meeting of the Institute of Metals, the following 
ofiloers were elected for the year 1933-34: President, 
Sir Henry Fowler; Vice-presidents, Professor C. H. 
Deach and Professor R. 8. Hutton; Members of 
Council, Eng. Vioe-Admiral Sir Robert Dixon, Mr. 
Wesley Lambert, Mr. H. C. Lancaster, Mr. A. H. 
Mundey, Mr. A. J. G. Smout, Mr. F, Tomlinson. 
The silver jubilee meeting of the institute will be 
held in Birmingham from September 16 to 21. It 
was in Birmingham that the first general meeting of 
the institute was held in the autumn of 1908, under 
the presidency of the late Sir William White. 

Da. HArby a. CHARiPPSQEt, assistant professor of 
hfiology at the Washington Square College of New 
York ITniversity, has been appointed head of the 
department 

Maboabbt M. FuLFORn, of the department of botany 
of the University of Cincinnati, has been appointed 
curator of hepaties and a member of the advisory 
board of the Sullivant Moss Society. 

Work at the new Leonard Wood Laboratory for 
the Eradication of Leprosy on CuMon Island, the 
Philippines, is planned by Dr. Malcolm H. Soule, 
University of Mlohigan; Dr. E. B. McKinley, George 
Washington University; Dr. E. W. Goodpasture, 
Vanderbilt Uxuversity; Dr. E. R. Long, University 
of Pennsylvania; Dr, T. M. Rivera, Rockefeller In¬ 
stitute, and Dr. Hans Zinsser, Harvard University. 
A correspondent writes; "Recently Drs. Soule and 
McKinley suoceeddd in isolating the leprosy bacillns, 
or germ, outside the human body. Monkeys inocu¬ 
lated with the bacillus developed conditions suggestive 
of the human disease, but soon recovered. Other lab¬ 
oratory animals failed to show any signs of the dis¬ 
ease. Dzb. Soule and McKinl^ have been granted 
leave of absence from June next to February, 1934. 
They will be the first of the group who within the next 
few years will endeavor to work out preventive treat- 
temi if posaibl^ a cure for the disease.” 


Da. SvxiK RossBiiAND, director of the observatory 
at Osk>, has arrived at the Massachusetts Institute of 
Technology to make an intensive study of the differ¬ 
ential analyser designed by Dr. Vannevar Bush, vice- 
president of the institute and professor of electrical 
power transmission. 

Pbofkssob Otto Hahn, director of the Kaiser Wil¬ 
helm Institute in Berlin, non-resident Baker lecturer 
at Cornell University, will deliver the second John 
Howard Appleton Lecture at Brown University on 
April 28. His subject will be “The Radioactive Ele¬ 
ments and their Application in Chemical Research.” 

Db. Otto Loewi, professor of pharmacology at 
Graz, will deliver at 5 o’clock on May 4 and 11 the 
Edward K. Dunham Lectures for the promotion of 
the medical sciences at Harvard University. The sub¬ 
jects of the lectures are “Humoral Transmission of 
the Nerve Impulse” and ^^egulation and Adapta¬ 
tion.” 

Db. Felix Bernstein, director of the Institute of 
Mathematical Statistics of the University of Got¬ 
tingen, spoke before the Sigma Xi Chapter of the 
University of Cincinnati on April 10 on “Solution of 
Mathematical Problems in Physics and Engineering 
by New Mechanical Means.” 

Professor H. J. Muller, of the University of 
Texas, lectured at the University of Stockholm on 
April 4 on “Evolution in the Light of the Modem 
Mutation Tieory.” On April 6 he lectured at the 
University of Oslo, on April 8 before the Mendelian 
Society of Lund and on April 11 at the University of 
Copenhagen. He is to address the Genetieal Society 
of London on April 27. 

Professor A. E. Kbnnbllt spoke on April 11 
on ^Experiences during the Development of Elec¬ 
trical Engineering since the Year 1875,” before a 
joint meeting at Harvard University of the Boston 
Section of the American Institute of Electrical Engi¬ 
neers with the Student Branches of Harvard Univer¬ 
sity, Massachusetts Institute of Technology, North¬ 
eastern University and Tufts College. 

The program of illustrated lectures arranged by the 
California Academy of Sciences during April and 
May, at San Francisco, unde# an endowment by an 
unnamed friend, is announced as follows; “Natural 
and Cultural Pearls,” Dr. Charles A. Kofoid, pro¬ 
fessor of zoology, University of California; “Explor¬ 
ations in Plant Life,” Arthur C. Pillsbury; “Crystals 
and Crystallization,” Dr. Austin F. Rogers, professor 
of mineralogy, Stanford University, and “Some Pro¬ 
tozoa attd Causes of Disease in Animals and Man,” 
Dr. Charles A. Kofoid, professor of zoology, Uni- 
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Teraity of California. These lectures are free to the 
public. 

The Pennsylvania Topographic and Geologic Sur¬ 
vey has recently moved its ofQces from the Claster 
Building on Market Street in Harrisburg, Pennsyl¬ 
vania, to the sixth door of the South Office Building 
of the Capitol group. The scientidc staff and its 
special interests now is as follows: George H. Ashley, 
state geologist, cool; Halph W. Stone, assistant state 
geologist, structural materials; Stanley H. Cathcart, 
associate geologist, oil and gas; Bradford Willard, 
associate geologist, paleontology; Charles K. Oraeber, 
associate geologist, mineralogy and areal geology; 
Forrest T. Moyer, assistant geologist, areal geology; 
W. O. Hjckok, 4th, assistant geologist, aredl geology 
and metals; M. N. Shaffner, technical assistant. 

Industrial and Engineering Chemistry writes that 
at the Tenth Conference of the Inteniational Union 
of Chemistry, held at Liege in September, 1930, the 
committee on thermochemical data, formed in 1925 
for a limited time, was replaced by the standing com¬ 
mittee on thermochemistry, which includes the follow¬ 
ing: L. Keffler, Groat Britain; C. Matignon, France; 
W. A. Roth, Germany; F. Swarts, Belgium; W. 
Swietoslawski, chairman, Poland; P. E. Verkade, 
Holland, and E. W. Washburn, United States. One 
of the main functions of that committee consists in the 
preparation of an International Table of Thermo¬ 
chemical Data, to be published under the patronage 
of the International Union of Chemistry under the 
same conditions as the International Tables of Atomic 
Weights. Authors of papers connected with thermo¬ 
chemistry and published within the lost five years are 
requested to send two copies to the secretary of the 
committee, L. Keffler, Thermochemical Laboratory, 
University of Liverpool. 

A DISPATCH k) The New York Times from Paris 
reports that a decree creating the Superior Council 
for Scientific Research was signed by President 
licbrun on April 14. The council will resemble 
France’s Superior Council of Public Instruction and 
will coordinate scientific organizations and facilitate 
research in pure science. It will have eight divisions 
covering mathematical, mechanical, statistical, astro¬ 
nomical, physical, chemical, biological, natural, his¬ 
torical, philosophical and social sciences. 

As a result of its recent petition the council of the 
Institute of Marine Engineers have received official 
information that King George has approved the grant 
of a charter to the institute. The attainment of this 
distinction follows closely on the forty-fourth a^i- 
versary of the foundation of the institute, in 1889. 
To-day the membership amount to 3,560, including 
over 2,800 corporate members, among whom are many 


of the foremost marine engineers in Great Britain 
and the Dominions. The King became patron of the 
Institute in 1918. The grant of the Royal Charter 
signifies recognition of the institute’s record of work 
and achievement and affirms its status as the repre¬ 
sentative organization of the marine engineering pro¬ 
fession. 

The Yosemite School of Field Natural History will 
be held in the Yosemite National Park from June 26 
to August 11. The headquarters of the school are at 
the Yosemite Museum, but the greater part of the 
time will be spent in field work. 

The new Saguaro National Monument in Arizona 
comprises about 60,000 acres, mainly within the 
Coronado National Forest, on the slopes of the Santa 
Catalina mountains about 25 miles northeast of 
Tucson. It was created a National Monument by 
proclamation of President Hoover on March 1. Ad¬ 
ministration of the area will be in the hands of the 
Forest Service. The land will be protected from any 
use that would interfere with the preservation of the 
native flora, which is considered of great educational 
and scientific interest. Some of the specimens of the 
Giant Cactus on the area are believed to be more than 
100 years old. Examples of European and American 
Indian and European archeological handiwork have 
been placed on display for the first time in Denver 
by the department of anthropology of the Univer¬ 
sity of Denver. Pieces of Continental Paleolithic and 
Neolithic implements of the early man are arranged 
in the collection. Many of the specimens have been 
gathered personally by Dr. E, B. Renaud, head of the 
department of anthropology, during his archeological 
work in Spain and France. The greater portion of 
the exhibition is devoted, however, to the display of 
Indian native art and craftsmanship. 

Accordiko to the Journal of the American Medical 
Association, the Deutsche Gesellschaft fiir Kinder- 
heilkunde, at its meeting in Dresden in September, 
1931, expressed in a proclamation the fear that the 
long-continued economic crisis might cause a general 
weakening of resistance to disease in the oncoming 
generation. Observations made during the war show 
that children suffer the most from inadequate nutri¬ 
tion. For that reason, Drs. Gottlieb and Stransky, of 
the Vienna Public Health Service, examined 800 young 
children, establishing the weight of each child. They 
report in an article in the Klimsche Wochsnschrift 
that the number of underweight children in families 
that had been at least a year without a definite sonree 
of income was considerably higher than the nombmr 
of children showing overweight Among the children 
of employed parents, however, the number showing 
overweight was more than twice as large as the num¬ 
ber presenting underwei|^t The children of the an- 
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employed, Tanging between 2 and 4 years of age, show 
an especially large number who are underweight. In 
ohildren 6 and 6 years old, the differences are not so 
marked. 

Nature reports that at a recent meeting of the In¬ 
dustrial Advisory Committee of the Ross Institute, 
London, reports were received of the over-seas cuitivi- 
ties of the institute. Seven research centers in Assam 
and northern Bengal have been opened, and anti- 
malarial work and the testing of new drug^ for the 
treatment of malaria have been pursued there and in 
Rhodesia and East and South Africa. In the Assam 
tea gardens, anti-malarial work has resulted in much 
improved health, for in 1930 among a population of 


13,248 the admissions to hospital were 23,226, but in 
1932 with a slightly larger population the admissions 
were reduced to 15,141. A standard oil mirtuie for 
killing mosquito larvae has been devised in conjunc¬ 
tion with the Burma-Sbell group. The health among 
lead miners in Yugoslavia was investigated and a 
health scheme was formulated and is now in opera¬ 
tion. At the conclusion of the proceedings, Mr. Still 
and Sir Malcolm Watson addressed the meeting on 
the subject of yellow fever. Now that travel by aero¬ 
plane is so rapid, the grave danger that infection may 
be carried from the yellow fever zone in West Africa 
to East Africa and Asia, which would be followed 
with disastrous consequences, was emphasized. 


DISCUSSION 


ZOOLOGICAL NOMENCLATURE 

PuoF£ssoR A. S. Pkausib, of Duke University, has 
recently contributed to Sgibko£^ a number af thought- 
provoking reviews of recent text-books of zoology. 

Professor Pearse makes, rather dogmatically, two 
statements in his reviews that to the taxonomist stand 
out as though they were printed in red ink and, 
though they are of distinctly minor importance, are 
as startlingly in congruent with the established 
formalities of nomenclature as red ink would be on 
a page of Sciknok. 

Pfofessor Pearse makes the statement that *^the 
acientidc name of an animal consists of the genus, 
species and the name of the author (The italics 
are Professor Pearse’s). Had Professor Pearse said 
that the name of the author should be appended to 
the scientific name of an animal at least once in the 
publication using the name, one could agree with him, 
and might even walk with the International Commis¬ 
sion on Zoological Nomenclature and add that the 
date of the proposal or some other clue to the original 
use of the name might also appear to advantage.^ 

Article 2 of the International Rules of Zoological 
Nomenclature states that ^^the scientific designation of 
animals is uninomial for subgenera and all higher 
groups, binomial for species, and trinomial for sub¬ 
species.’’ Article 22 reads in part as follows (there is 
no need of quoting it in full): “If it is desired to cite 
the author’s name, this should follow the scientific 
name without interposition of any mark of punctua¬ 
tion;—If the author’s name is a part of the scien¬ 
tific name, as Professor Pearse contends, how is it 

iSciEHem, n. s., 77; XS9-172. 

> Loe. eit, p. 170, first paragraph. 

• Bee resolution of the International Oommlssion on 
Zoological Nomenclature at Bndapest, 1927, as published 
la U, S. Public Health Service, Public Health Reports, 
Oct 26, 1927, pn. 2689-2640. 

^International Buies of Zoological Nomenclature; 
Proe. Biological Soelely of Washington, volome 89, pp. 
75 -^ 104 . 


possible for it to follow the scientific name 7 How 
can the part follow the whole? 

Professor Pearse at another place*^ makes the fol¬ 
lowing comment: “Evidently the writer disapproves 
of the modern tendency to begin even generic names 
with small letters, —” Let us refer to the Code. 
Article 8 reads: “A generic name must consist of a 
single word, simple or compound, written with a 
capital initial letter—.” 

Of course, a word may be used in more than one 
sense. The word felis, for instance, may be used as 
a formal scientific name, in which case it is properly 
capitalized. Also it may be used as a common noun, 
just as is its English equivalent, cat. In the latter 
usage it is not capitalized. Can it be this that Pro¬ 
fessor Pearse means? If so, he fails to make him¬ 
self clear and has no need to appeal to a non-existent 
“modem tendency” for support of what has always 
been good usage. 

Any tendency, however trivial, to flout the Inter¬ 
national Rules, the only hope we have for ultimate 
stability in zoological nomenclature, should bring a 
vigorous protest, even though the protestee is one as 
eminent and respected as Professor Pearse. Indeed, 
the more eminent the offender, the more necessary the 
protest 

J. Bbooicks Knight 

Yalb Univmisitt 

THE INVOLVED GENETICS OF FISH 

Thu recent paper by Hubbs and Hubbs on “Ap¬ 
parent Parthenogenesis in Nature, in a Form of Fish 
of Hybrid Origin”^ is of great interest to any one con¬ 
cerned with the extremely puzzling phenomena of 
ichthyological genetics. The matter is puzzling for 
the reason that although some crosses behave in nor¬ 
mal Mendelian fashion, other crosses, like those 

• Loo, oii,f p. 170, second column, first paragraph. 

i SooKcn, a. s., 76: 628. 1982. 



390 


scmtfm 




recorded by Hubbs and Hubbs^ refuse to conform to 
anything that the geneticist seems able to explain in 
the light of his studies with fruit-flies, birds or 
mammals. 

Por years the writer has bred tropical fish as a 
hobby and now has aquaria and indoor heated pools 
totaling 2,500 gallons capacity, with a number of 
sorts of hybrids under observation. Some of the 
facts connected therewith are worth recording. 

First it should be stated that the commonest cross 
attempted in domestication is that of a male platy 
(Platypoecilus) of one or another of the developed 
color phases, with a female swordtail {Xiphophorua 
hellert). In the absence of live food, at least, the 
young hybrids arc not produced as freely as those of 
pure lineage, but the former are all different from 
either parent, with size of mother and with color ap¬ 
proaching or surpassing that of the father. These 
hybrids are known as **black helleris,” “red helleris” 
or similarly according to color. At least when a 
female black helleri is mated to a pure male sword¬ 
tail, approximately three quarters of the resultant 
young will be colorless like the father and one quarter 
black like the hybrid mother. The genetics of some 
of these various hybrids are extremely difficult to 
investigate, for many of them are sterile, and it is 
oven claimed that males of some of the crosses are 
always so. 

Hubbs and Hubbs found that when males of either 
Mollienisia latipinna or M, sphenopa are mated with 
females of a hybrid between the two, which is a form 
currently known as Jf, formoaa, all the offspring are 
always formosa in type. In other words, the hybrid 
characters are inherited by the young from the mother 
in a block, without respect to dissimilar paternity. 
And the offspring are invariably female. In this 
connection, however, the authors state that '^e con¬ 
sistent and abundant production of purely matrooli- 
nous and constantly female offspring by this hybrid 
form of fish finds its most plausible explanation as 
parthenogenesis. It is apparently not a spontaneous 
parthenogenesis, since many controls, unmated, have 
shown no indication of becoming pregnant. We 
provisionally assume that we are probably dealing 
with a case of gynogenesis ... a condition recorded 
as naturally occurring among certain invertebrates.” 
Comment upon the above may be divided into three 
headings as follows: 

(a) It is unwise to intrude the suggestion of 
parthenogenesis, even of a modified sort, into verte¬ 
brate literature. The phenomenon is so at variance 
with what is known and believed about vertebrate 
development that I am sure no vertebrate morpholo¬ 
gist would admit for a moment that the nataral de¬ 
velopment from egg to sexual maturity of an indi¬ 


vidual vertebrate without direet induaion of tiie male 
dement is within the realms of pTobabilitiy. Certainly 
extremely convincing cytologieal evidence would be 
necessary and the experiments verified several times. 

(b) The fact that all the hybrids of MoUUmaia 
produced were female appears to be oaoribabla in 
this instance, perhaps, to a sex-linked lethal factor 
acting on male eggs, or possibly to some type of non- 
disjunction. In this connection it may be mentioned 
that a yellow (mutant f) strain of Xiphophorua, de¬ 
veloped in domestication and known as the golden 
swordtail, consistently produces two or three times as 
many females as males, and the case of the MoUieniaia 
may be an instance of this factor carried to an ex¬ 
treme. 

(c) The matroclinous character of the offspring can 
involve no argument in favor of parthenogenesis, for 
1 can cite reverse evidence, of a patroclinous nature, 
as follows; 1 have a strain of hybrids produced by 
crossing a male black platy (Platypoecilua) with a 
female of the golden swordtail strain of Xiphophorua, 
which are large, spectacular fish, mostly black but 
with many spots and blotches of green and orange. 
Apparently all individuals of this hybrid or at least 
a large proportion of them, are fertile, and when bred 
to one another they behave as a true species. In 
other words all the young of the second generation 
resemble their parents rather than either of the grand¬ 
parents. So BO good, with nothing very rem^k- 
able. But when a male of this hybrid strain is mated 
with a female of pure strain green swordtail 
(Xiphophorua helleri), none of the young will be of 
dull color like the mother but all blackish like the 
hybrid father. This patroclinous inheritance has been 
tested in a number of individuals and litters. I have 
no doubt that it will hold throughout suceessive gen¬ 
erations, but for proof or disproof of this assumption 
sufficient time has not yet elapsed. 

A. Brazibb HowsUi 

Johns Hopkins Univessitt 

NOTE ON THE LIFE-CYCLE OF ECTO- 
CARPUS S1L1CULOSU8 DILLW. 

The generally accepted view that the plurilocular 
sporangia of Betoearpua ailiculoaua produce gametes 
is based primarily on the clossioal work of Berthold^ 
at Naples. His results have been confirmed by Olt^ 
nuums, Hartman, and, more recently, by Knight.* 
Sni^t demonstrated also that all the plants of tide 
species that she found at Naples had a haploid soma. 

iG. Berthold, gesddechtliche For^aasoag tor 
eigentllehen Phaeosporen/’ Mitt a. 4. tool Stat, s. 
Neapain. 1881. 

>M. Knight^ '^Studies in the Eetoearpaeeae. IXi. The 
Life-History and Cytology of BttoArpu sdisttonis, 
IVoM. 0/tbs totop ^ m 
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on 1ii« otber hand, found that all the plants 
of B* Meuhn^ atndied hy her at Ihe Port Erin Bio- 
logieal Station have a diploid eoma and bear both 
plxtriloealar and uniiooular eporangia on the same 
plant. The plorilooular sporangia in this loeality 
prodnoe diploid zoospores. In the uniloeular spor- 
anginm, however, the first nuclear division is a reduc¬ 
tion division, and the haploid zoids from this struc¬ 
ture are gametes which fuse in pairs. At Port Erin, 
she states, no alternation of generations occurs, and 
the diploid phase is the only one in the life-cycle. 

The fact that zoida from plurilocular sporangia may 
at times act like zoospores has long been known; and 
the work of Knight suggests that in such cases they 
came from diploid plants. The zoids from unilocular 
sporangia have always been regarded as zoospores; 
and Knight is the only author who has found them 
sometimes behaving like gametes. 

From aquarium cultures mad<i let Naples, Berthold 
obtained plantlets that bore both plurilocular and 
unilocular sporangia on the same plant. The precise 
origin of the young plants in question was not deter¬ 
mined. Berthold suggested that they may have come 
from zygotes. Since, however, unfertilized gametes, 
which he had already found to be capable of par- 
thenogenetio development, were present in these 
aquaria we must keep in mind also the possibility 
that these in reality may have given rise to the small 
plants. Berthold also did not loam the function of 
the zoids from these cultured plants. Although he 
raised plants with unilocular sporangia in culture, he 
makes no mention in the text of finding these in the 
sea at Naples. (The plant shown in his Fig. S is 
referred to as having been found in the open). 
Knight states positively that she was unable to find 
unilocular sporangia there after careful search. The 
part that is played by unilocular sporangia in the 
normal life-history of this species at Naples there¬ 
fore remained quite problematical. 

It waa apparent that further nesearoh on Ecto- 
oaipus was very essential The facts that were known 
suggested the occurrence of an alternation of genera- 
tions in this plant, but the evidence was far from ade¬ 
quate to substantiate this. It was also important to 
kn&w whether the plants whose unilocular sporangia 
produce zoospores were diploid or whether unilocular 
sporaiigia may sometimes arise on haploid plants and 
give rise to zoospores which serve to multiply this 
generatimu 

This paper is a preluninary r^rt of the results of 
an attcsnpt to determine the course of the lif e-eyde of 
EcfocorpMs tiUeuio$ua on the Atlantic coast of North 
The aim was to learn whether both haploid 
and plants ooeor here and, if so, the rdle 

in the life-syds. 


The material for this study was collected about 
Woods Hole^ Massachusetts, during the summers of 
1931 and 1932. All plants at Woods Hole itself were 
like those studied by Knight at Port Erin, since they 
were diploid and bore both kinds of sporangia. It 
waa found, however, that the presumably haploid zoids 
of the unilocular sporangia as well as the diploid zoids 
of the plurilocular sporangia invariably germinate di¬ 
rectly. That is, the zoids of the unilocular sporangia 
of these plants do not act like gametes, as Knight re¬ 
ported for the plants at Port Erin. Sexual plants os 
well as the asexual ones were found at Penikese, an 
island twenty miles from Woods Hole, The sexual 
plants are haploid and bear only plurilocular spor¬ 
angia; their zoids serve as gametes, and they are dis¬ 
tinctly dioecious. These sexual plants are therefore 
like those found at Naples. Parthenogenetic develop¬ 
ment of both male and female gametes occurs. 

The cytological studies thus far made indicate that 
the number of chromosomes in asexual plants, with 
both kinds of sporangia, is twice as large as that 
found in the sexual plants, which bear plurilocular 
sporangia only. 

The life-cycle of E. siliciUosus near Woods Hole 
therefore exhibits a definite alternation of generations. 
Diploid asexual plants with both uniiooular and pluri- 
locular sporangia produce, in the plurilocular spor¬ 
angia, diploid zoids which develop directly into other 
diploid plants. The first division of the nucleus in 
the uniloculA' sporangium is presumably a reduction 
division such as Knight found. The haploid zoids 
produced in this structure germinate to form haploid 
sexual plants. The haploid sexual plants are dioe¬ 
cious and produce gametes in plurilocular sporangia. 
After the fusion of these gametes in pairs the zygotes 
develop into diploid asexual plants and thus complete 
the cycle. The haploid sexual generation propagates 
itself by the parthenogenetic development of unfer¬ 
tilized gametes. 

George F. Papekfuss 

The Johns Hopkins XTniverbitv 

ON THE SCIENTIFIC NAME OF THE 
WEBBING CLOTHES MOTH 

The webbing or common clothes moth, Tineola bu- 
aelUeUa, was first described by Hummel in 1823 (Es- 
sais Entomoiogiques 3: 13). spite of the fact that 
the specific name was spelled with two 6*s in the origi¬ 
nal description, only one s is used by most writers at 
the present time. This is true of authors in Europe as 
well as of those in this country. Dyar' and Walsing- 
ham,^ however, .both spell the name with two s’s. 

Thei mistake in spelling is probably due to the fact 
that few writers have had an opportunity to see Hum- 

tU, 5. Nat Mw. Bui, 52: 570, 1902. 

zgool 8co. London, Froo,, 1907, p. 1026, 1908. 
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mel’s original ^oseription* The publication, ^^Esaaia 
Entomologiquea,” Nob. 1 to 7, was printed in St 
Petersburg and was evidently issued in installments 
from 1822 to 1829. According to the Union list of 
serials in libraries of the United States and Canada, 
only three institutions have copies, and none of them 
owns the complete work. The Museum of Compara¬ 
tive Zoology (Cambridge) is listed as having Nos. 4 
and 6; the Academy of Natural Sciences (Phila¬ 
delphia) Nos. 4 to 7; and the American Philosophical 
Society (Philadelphia) No. 6. 

The department of entomology at Cornell Univer¬ 
sity has the good fortune to own all seven numbers of 
these interesting essays. On the inside of the front 
cover appears the following statement: “A very rare 
work. This copy contains No. VII, of which Hagen 
observed, “so excessively rare as scarcely to be 
known.’’ ” In Hagen’s “Bibliotheca Entomologica” 
(1862, Vol. 1, p. 391) under the title, “Essais Ento- 
mologiques” he says, “Die Essais sind nioht hauBg; 
No. 7 sogar ausserst selten und kaum gekannt.” 

Hummel’s original description of the webbing 
clothes moth, in this rare and interesting publication, 
is written in Latin and is followed by a brief state¬ 
ment in French regarding the habits of the insect. 
Suggestions are also given for controlling the pest, 
especially in furniture. Preceding the description is 
the scientific name, Tinea hmelliella, followed by an 
asterisk which refers to a footnote at the bottom of 
the page. The footnote reads, “Du mot latin ‘bissel- 
lium,’ canap^.” But Hummel may not have been as 
well versed in the classics as ho was in entomology, 
for his spelling of the Latin word is incorrect. The 
word “bisellium” has but one s. A Latin lexicon 
gives the following definition: “Bisellium, a splendid 
ornamental seat of honor (so called because there was 
room for two persons upon it, although only one sat 
thereon). . . 

When Zeller® wrote a more extensive description of 
this insect he dropped the second s in bisaelliella. 
Perhaps Zeller was a better student of the classics 
than Hummel. In 1853 Herrich-Schaffer placed the 
species in the genus Tineola and he also used one 8. 
Walsingham^ criticizes Zeller's spelling and calls at¬ 
tention to the fact that Hummel used two s’s. 

According to the rules of priority, a name must 
stand as published in the original description. There¬ 
fore, although the Latin word was misspelled by Hum¬ 
mel, the mistake must stand and the specific name of 
the webbing dothes moth must remain bisselliella. 

GiiEKN W. Hereiok 
Qraok H. Griswold 

OoaKEUi UNIVXOSI'TY 

®Z/innaea Entomologioat 6: 166, 1852. 

* SysU Bearb, Sohfneti, Sv/r,, 5: 81,' 1853. 


HUMAN NECR0BACILL0818 

Nscbobaoillosis is an acute infectiotu disease due 
to Actinomyces necrophorus Loffler. This condition 
was probably first noticed by Dammann, in 1870, in 
diphtheritic infections in calves. Schmorl (1891) re¬ 
ported a fatal enzootic occurring the previous year 
among his laboratory rabbits. A, necrophorus was 
isolated from the caseonecrotic lesions. Schmorl and 
one of his assistants each had a small abscess on one 
finger from handling these rabbits. Stained smears 
of the pus showed the characteristic gram-negative, 
beaded bacillus. In 1910, the writer isolated A. 
necrophorus from the lesions on the hand of a 
veterinary inspector. 

Following the above reports of human necrobaoil- 
losis, the literature contains cases of pseudodiphtheria, 
infections of the arm, abscesses and necrosis of the 
tissues of the hip joint, retropharyngeal abscess with 
gangrene and extension into the perithracheal and sub¬ 
cutaneous tissue and mediastinum. Two deaths oc¬ 
curred in the series. Recently the writer isolated A. 
necrophorus from a lung abscess of man. 

Among the principal pathologic conditions (other 
than man) in which A. necrophorus is found may be 
mentioned lip and leg ulceration of sheep, gangrenous 
dermatitis of horses and mules, necrotic stomatitiB in 
cattle and multiple necrotic foci in the livers of cattle 
and hogs. Spontaneous necrobacillosis has been ob¬ 
served in nineteen different species of animals. 

A. necrophorus is a pleomorphic anaerobe. It may 
vary from cocci to long filaments, and from solid 
stained rods to filaments with granules. Spores are 
not formed. It is gram-negative. 

Several mediums have been used for the growth of 
A. necrophorus, but a medium of veal infusion, 
peptone and cystine is very satisfactory. For primary 
isolation serum should be added. 

To obtain the woolly colonies in agar stab cultures, 
one mu^t not use too stiff an agar, 0.3 per cent being 
satisfactory for the demonstration. 

As A. necrophorus does not produce group agglu¬ 
tinins the agglutination reaction can not be used for 
the differentiation of this organism. 

Hemolysis is another property that is variable; 
some authors state that necrophorus is strongly 
hemolytic, while others state that it is non-hemolytio. 

The fermentation of carbohydrates is, likewise, at 
variance. 

Subcutaneous injection of the microorganism into 
the rabbit produces an area of necrosis and, after a 
time, invasion of the internal organs, although some 
strains do not produce anything beyond the beal 
lesion, which heals. 

The difflonlty of isolation of anaerobes in general, 
and of A. necrophorus in particular, is probably re- 
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sponsible for tbe low record of human oases of 
necrobaoilloBis. Material containing a pleomorphic 
bacillus with beaded threads should be grown under 
anaerobic conditions, in or on mediums containing 
serum. Anaerobic cultures of the blood should be 


made in all cases of infectious jaundice. Some of the 
tubercular hips are, in all probability, necropborus in¬ 


fections. 


Prkdkbiok W. Shaw 


Medical Cou^eos of Viboinia 
Richmond 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A METHOD AND THE APPARATUS FOR THE 
STUDY OF PERMEABILITY OF GASES 
THROUGH THE BIRD'S EGG¬ 
SHELL 

OuB previous study^ of such physical factors of the 
eggshell as breaking strength, thickness, and relative 
number and size of pores (observed microscopically) 
convinced us that the eggshell has definite character¬ 
istics peculiar to the species of bird, the flock of 
birds of the same species, the birds of tbe same flock, 
and in a less degree to the eggs laid by the same 
individual. 

Yet the structural and physical properties of the 
eggshell are found to be very important in regard 
to the storage and preservation of eggs for future 
use. For example, an egg with a thin or very porous 
eggshell would likely more rapidly evaporate or lose 
moisture, more readily absorb outside odors and 
gases, and allow more easy penetration by micro¬ 
organisms. All these conditions eventually would 
lead to some changes in physical state and possibly 
in chemical composition of the egg-contents and thus 
soon to a decrease in the nutritive value of the eggs. 

Furthermore, the structural and physical proper¬ 
ties of the eggshell have their biological significance. 
There is a constant loss of moisture and interchange 
of respiratory gases through the eggshell during the 
incubation. This rate of interchange of gases, or 
ahsoiption of oxygen and elimination of carbon 
dioxide, is gradually increasing in volume per time 
with the embryonic growth and development. On 
the other hand, the eggshell furnishes tbe largest 
portion of the calcium needed for the building up of 
the skeleton of the developing embryo, thus leading 
to some changes in its physical properties. An egg 
with extremely thin or thick shell may therefore 
present an important biological problem in relation 
to the developing embryo. 

It is evident, however, that from both the economic 
and biologic^ points of view a reliable quantitative 
direct method of measuring the quality of a bird's 
eggshell would be very desirable. 

In view of the above facts, during the past three 
years, our laboratory of experimental embryology 
has developed and improved primarily for scientific 
use a special electric apparatus for the direct and 

lA. Ih Romanoff, Study of the Physical Properties 
of the Hen’s Eggshell la Relation to the Funotion of 
Shtf^UMrftoty Glands,” Btol. 56* 951-356, 1929. 


accurate measurement of the permeability of the 
bird's eggshell to various gases. 

The apparatus, as shown diapn:'ammatioally in the 
accompanying Fig. 1, operates on the principle of 



Fia. 1. A diagram of the apparatus for measurement 
of the permeability of a gas through the bird's eggshell, 
A, gas holder (1) with a gas; B, eggshell chamber, 
shown with eggshell (2), rubber gasket (3), and funnel 
(4) of one-inch inside diameter; O, micro-gas moter, con¬ 
sisting of a 50-cc. burette (5) funnel with glass stopper 
(6) for refilling of the burette (6) with water, drain 
stopcock (7), control stopcock (8), set up stopcock (9), 
vacuum relief stopcock (10); vacuum pump, including 
water suction pump (11) and back pressure valve (12); 
E, automatic vacuum controlling mechanism, consisting 
of vacuum gauge (13), adjustable monometer (14) with 
level bulb (15) and slide with screw (16), capillary tube 
(17), lever (18), iuduction coil (19), fixed contact point 
of the monometer (20), break point of the monometer 
(21), ^rectifying transformer (22), line of alternating 
current (23), and switch for the vacuum-controlling 
mechanism (24). 

Fio. 2. A micrometric spherometer shown with a por- 
tioui of eggshell, the surface of which is to be measured. 
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suction of the gas in question through the portion of 
the eggshell (B-2). The passing gas is measured 
in an especially designed micro-gas meter (€) and a 
constant predetermined vacuum is maintained by an 
adjustable self-controlled monometer (E), operated 
automatically by electricity. 

The volume of gas which passes through the portion 
of eggshell is read in ce./min./sq. cm. The data are 
obtained from the table of calculated and corrected 
values obtained after measurement of the curvature 
of eggshell by a special micrometric spherometer 
(Fig. 2). 

Alexis L. Komakovv 

(-ORNELL UniVERBITY 

A METHOD FOR THE PREPARATION 
OF FOSSILS 

It is a common practise of paleontologists, when 
preparing fossil shells, to cement the specimen to be 
cleaned in plUvSter of Paris, thereby insuring rigidity 
and stability against the strain of cleaning. This 
method is particnlarly useful in cleaning delicate 
shells otherwise too fragile to allow complete freeing 
from their matrix. There is a distinct disadvantage, 
however, in the use of plaster of Paris because it 
forms a permanent base concealing one surface of 
the fossil shell from view. 

While preparing Paleojeoic star-fishes, echinoids and 
braehiopods for study, the writer found paraffine to 
be mucli more desirable than plaster of Paris as a 
support for the fossil during cleaning. The ad¬ 
vantage of paraffine over plaster of Paris is its easy 
removability from the cleaned specimen, so that a 
free valve or star-fish, etc., is obtained as a result of 
the cleaning. After the matrix has been cleaned from 
one surface of the fossil, the specimen is cemented 
in wax poured into a box or other container, with 
the cleaned surface down in the wax. The matrix 
is then worked off the opposite surface, leaving a com¬ 


pletely cleaned spedmen embedded in the wax. For 
greater rigidity, the speeiinen and its paraffine base 
can he cemented in plaster. After cleaning, the 
plaster is broken away from the wax base and the 
paraffine dissolved away by xylol or cotton soaked in 
xylol for very delicate shells. In this way a number 
of Paleozoic star-fishes of all sizes have been freed 
completely from their matrix, and many rare and 
new brachiopod shells have been cleaned internally 
and externally. 

The method has proved useful in preparing such 
delicate structures as the loops of the Terebratulidae. 
The loop IS exposed on one side, then wax is x>oured 
on this exposed surface of the loop. This gives 
a rigid base which will allow working the matrix 
away from the loop from the other side. Dissolving 
the paraffine leaves a free loop. 

In order to prevent the paraffine from softening 
during the cleaning, which is commonly carried out 
near a strong, hot light under a binocular mioro- 
soope, it is frequently necessary to plunge the em¬ 
bedded specimen into cold water. As long as the wax 
is kept cool and stiff it is quite as safe a bedding 
medium as plaster of Paris. It is sometimes desirable 
to perform the entire cleaning process xmder water. 
Besides keeping the wax stiff, this has the advantage 
of making a strong contrast between shell and matrix. 

By the above method it is possible to secure the 
interior of either valve of braehiopods in which both 
valves are in conjunction. The particular valve de¬ 
sired is cemented in the paraffine base. Then the 
valve whose interior is not wanted is ground away and 
cleaning of the desired valve progresses. 

In making preparations such as those described 
above, the dental engine is very useful, but for the 
most delicate work against the shell, needles sharp¬ 
ened to a chisel edge are the best tools. 

G. Authdb Coopxr 

Unitbu) States National Museum 


SPECIAL ARTICLES 


THE UTILIZATION OF ADSORBED IONS 
BY PLANTS^ 

Rdstbictfed Brownian movement of ions is one of 
the great differences between a nutrient solution and 
a natural soil. In culture solutions the nutrient ions 
are free to move (diffusible), while in soils they are 
“adsorbed” on colloidal particles, fixed in crystals and 
thus exist under conditions of constraint. 

In the study of the liberation of adsorbed ions by 
the plant itself it is necessary that at the outset the 
nutrient ions be present in adsorbed form only. 
Otherwise the free ions in the 'liquid phase could 

^Missouri Agricultural Experiment Station, Jonmal 
Series No. 329. 


replace the adsorbed elements (ionic exchange)* and 
the problem would approach a mere nutrient solution 
experiment. Soybean plants were grown in systenm 
containing but one nutrient ion (calcium), which for 
purposes of comparison was either free in eolation 
or adsorbed on oolloids or fixed in the interior of 
crystals. 

ExpisoKiimL MnmOD 

(a) Free ealoimn ione in ihe eoU eoUUion. Oa^cetats 
and OaCL, are very soluble. OaQOi furakbec Oa Ions 
aecordlitg to the 00| content of the igwtem. 

(b) Adsorbed On iofu on oblZoids. FroloagfCd bketsh* 
diidyM of sell coUoldt removes all free oak adserirndv 

\ sH. Jeony, Font* Pbys* (Rssk, 34^ 
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lOBt aad moltiiig H-ajitenifl Ma be trimsfomed 
l&te pore Ca^lldds by edditioa of Ck(OH)t. Tbeso 
absorbed Oa lone are all exebaageable. Pntnam clay and 
ebttoidal bentonite were thus treated. Artificial aeolite 
(permutite) waa prepared as deeoribed previously.8 

(e) Non-eaicha/nffeable Ca <on« in the interior of close 
packed enyeteX laiticee^ Anorthite, a Oa-alumino silicate, 
was ground in a mortar and—as all the other dried col¬ 
loids—passed through a 100 mesh sieve. Only those Ca 
ions seated in the outer surface of the mineral particles 
are exchangeable. 

Soybean seedlings were put into nursery bottles (four 
plants) containing a uniform mixture of 300 grama of 
purified quarts sand and various amounts of the above 
Ca-compounds. All systmns had an initial pH of 7. The 
water content was adjusted twice daily to 20 per cent, 
of the weight 

COMPABISON BffiFWESK AdSQRBKD 10K8 AlH) NON* 
EXOHAKOSAfiXiE l0K6 

Fig. 1 (solid lines) shows that the soybean plant 
can live and do well in media which contain mainly 



amount and form of calcium in the medium. 

adsorbed Ca ions. This holds true even for sterile 
system^ in absenoe of mioroorganisiUB. On the other 
hand, Oa ions in the interior of crystal lattices can 
not be utilised or only with difficulty^ The growth 
observed on anorthite at very high calcium ooncentra* 
tiotts is very likely due to exchangeaUe surface cations 
resulting from the grinding process of the mineral. 

CoKPAfasoir bsfwxbn Adsobbss) Ioks akd Freb Ioks 

Under low oaloium ooneentrations the plant yields 
are mtub higher for the ^^free Ca” systm than for 
the "adsorbed” ons^ indioating that the plant encoun- 
tsn eonsidarable lenity b obtainbg the adsorbed 
bbA Tbs idtoation beemnes entirely reversed at 

SJI. imp, JTolfaHd. dham. JMb. >8; m^fz^ 1927. 


hig^ Ca ooneentrations where, most strikinglyi the 
plants grow best on adsorbed ions, surpassing even 
the CaCOg system. This indicates a specific bdbiavior 
of adsorb^ ions in regard to plant growth. 

The Mechanism ot Libebatzok or Adsorbed 
Ions bt Plants 

Fig. 1 demonstrates that plants are able to free 
adsorbed ions. This is by no means a simple process. 
The Ca-oolloids used form no true solutions, and the 
concept of the solubility product can not be applied. 
In a strietly physico-chemical sense, the Ca-oolloids 
are practically insoluble. 

One might conceive the picture that the plant simply 
removes the adsorbed Ca, attracts it, pulls it away, 
so to speak. But in this case free electric charges 
would be left on the particle, leading to enormous 
potential dififerenoes in the electric double layer. It 
would be difficult to reconcile such a mechanism with 
the known laws of electrostatios. 

It is possible, however, to have a liberation of 
adsorbed Ca by means of ionic exchange. In sueh 
a ease—where hydrolysis is negligible—the plant 
would have to excrete cations other than Ca and these 
ions would replace the adsorbed calcium. The ex* 
creted eations should be found on the colloid. The 
following experiment is interesting in this respect. 

Thirty soybean seedlings were transplanted into 100 
CO of 2.50 per cent, pure Ca-clay suspension having a 
pH of 6.30 4 id containing 1.500 millieqoivalents of 
adsorbed Ca ions. The plants were harvested 35 days 
later and after subtracting the original Ca content 
of the sprouted beans (0,0280 minas 0.0076g. Ca) it 
appeared that the plants had removed from the clay 
1,020 mUUequivalenta Ca, The reaction of the sol had 
dropped from pH 6.30 to 4.32. Evidently the colloi¬ 
dal particles contained now numerous H ions. These 
were determined by titration with Ca(OH )2 and it 
was found that the clay carried 0M8 miUieqy^alente 
H ions which U did not possess at the beginning of 
the experiment. In other words, it appears that an 
exchange has taken place which is stoiohiometrioal 
(93 per cent.) within the limits of the present tech¬ 
nique. These data and other unpublished trials sug* 
gest that the plant has excreted H ioas which have 
replaced the Ca ions on the play enabling them to 
enter the plant. For every Ca ion that went into {he 
plants .two hydrogen ions are found on the colloidal 
particles. 

PBAcnoAL Conclusions 

(1) It has been demonstrated quantitatively that 
total analysis of the soil is a poor indicator of soil 
fertility because the determination does not differ¬ 
entiate between adsorbed and non-exchangeable lat¬ 
tice ions. 
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(2) Since the plant can feed BUcoessfuUy on ad¬ 
sorbed ions, it appears that the significance of the 
“soil solution” has been overestimated. 

(3) The solubility concept is not adequate enough 
to account for plant growth in soils of humid regions. 
Ionic exchange must be taken into consideration. 

(4) The study of the adsorbed (exchangeable) ions 
in the soil offers great possibilities for a better under¬ 
standing of many soil-plant relationships and soil fer¬ 
tility problems (e,g.j utilization of fertilizers, distribu¬ 
tion of pasture vegetation, soil acidity, activity of soil 
microorganisms). 

Hans Jknnt 
E. W. Cowan 

Department or Soils 
Columbia, Missouri 

OBSERVATIONS ON EARLY DEVELOP¬ 
MENTAL PROCESSES IN THE LIVING 
EGG OF DROSOPHILA 

Dub to the fact that the egg of Drosophila is cov¬ 
ered by a seim-opaque chorionic membrane, our 
knowledge of the course and rate of early develop¬ 
mental processes has, up to the present time, been 
gained only by a study of preserved material, pre¬ 
pared by means of the usual c 3 ^ological technique. 
Such a study has not only been a laborious one be¬ 
cause of the inherent limitations of a method requir¬ 
ing the reconstruction of a three-dimensional object 
from serial sections, but it has also been open to 
error because of the uncertainty us to the age of an 
egg at the time of deposition. This latter source of 
difficulty has heretofore been overcome to a larg^e ex¬ 
tent by keeping under observation a laying female, re¬ 
jecting the first eggs laid, and carefully timing eggs 
laid subsequently. Under suitable conditions, fer¬ 
tilized eggs are not retained by the female for more 
than twenty minutes. 

During the past summer, we found a simple and 
satisfactory method for observing early embryonic 
development in the living egg. An egg, firmly im¬ 
bedded in the agar in which it has been laid, or 
fastened to a glass slide by a film of Ambroid cement, 
may be dechorionated with flue, sharp needles under 
a binocular microscope. It is then mounted in water, 
and a thin coverslip, supported by bits of glass, placed 
over it. As the inner membranes are transparent, 
developmental changes may be followed under high 
powers, though the definition of the earliest cleavage 
figures is somewhat obscured by the overlying yolk 
granules. While under observation, the egg can be 
rolled about by pushing the coverlip slightly from 
side to side. 

In the early egg, the protoplasmic islands around 
the first cleavage nuclei appeal as lighter spherical 


regions well marked off from the dense surrounding 
yolk. As cleavage proceeds, these islands increase in 
number and decrease in size, giving the egg a 
“dappled” appearance. Soon a lighter grayish cap 
arises at the posterior end, presaging the formation 
of the pole or germ-tract cells. These are pushed out 
as large buds, which then constrict off from the under¬ 
lying ooplasm with great rapidity, forming a con¬ 
spicuous layer; this is separated from the adjacent 
ooplasm by a clear fluid-filled space. At a tempera¬ 
ture of 22^ the pole cell formation is approximately 
complete within 20 to 30 minutes after the first bud 
forms, rrotoplasmic islands containing the yolk 
nuclei now remain in the center, while the cleavage 
nuclei migrate to the periphery of the egg to form 
the blastoderm. Here they push out bud-like 
prominences over the entire surface, except in the 
region of the pole cells. This gives the cleaving egg 
a morula-like appearance, which is most pronounced 
at the anterior end. Dividing wails can now be seen 
growing inward and enclosing each blastodermic 
nucleus in a cubical protoplasmic area which is still 
continuous with the central yolk mass. As cleavage 
proceeds, these cells increase in number, are com¬ 
pressed against each other so that they are now dis¬ 
tinctly columnar, and finally develop inner walls cut¬ 
ting them off from the central protoplasm. At the 
posterior end of tlie egg the blastodermic layer next 
forms a continuous wall beneath the pole cells. 

At a temperature of 22° the pole ceils retain their 
terminal position for approximately an hour, when 
suddenly they begin to migrate with great rapidity 
toward the dorsal surface. This migration initiates a 
series of changes: the first of which is a dorsal in¬ 
vagination in the mid line. Into this invagination, 
winch arises about one fifth of the distance toward 
the anterior end, the pole cells are pushed.' At the 
moment when the pole cells begin to descend into the 
oup-iike invagination, the cells along the entire dorsal 
surface begin to group themselves into metameres. 
These are pronounced by the time the pole cells dis¬ 
appear within the dorsal invagination. At 22° C. the 
entire series of growth changes, including migration, 
invagination and metamero formation, occurs within 
the brief period of 10 to 15 minutes. 

Cinematographic records of the processes described 
above as well as of subsequent embryological changes 
are now being made, and will serve as the basis for a 
more extensive report to be given later. 

Gborge P. Child 
Ruth B. Howland 

Washington Squabs Oemnsox 
New York UmvEseiTT 

1 The force exerted seems to be due to a rapid upward 
growth of the ventral blastodemL This point, however, 
needs further careful study. 
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FROM THE PONDERABLE TO THE IMPONDERABLE’ 

By Professor OTTO HAHN 

DlBliCTOE KAISER WILHELM INSTITUTE POE CHEMISTET, BERLIN-DAULEM, NON-RESIDENT LECTUEEE 
IN OBEHZSTBY AT CORNELL UNIYEESITT ON THE GEORGE FISHER BAKER FOUNDATION 


Chshistbt has for its purpose the study of the 
ooroposition of our material world. Its first task is to 
determine the simple basic substances—the chemical 
elements—out of which all other substances are made, 
and artificiaily to produce new kinds of substances 
from these same elements. After its problem had 
been thns reoognised and defined, thanks ohiefiy to 
Robert Boyle, chemistry could be spoken of as a 
“wienoe,” atriving, in contrast to the direction of 
earlier efforts, towards an ideal objective through un¬ 
prejudiced researohes. The prerequisite for these re¬ 
searches WIM 9 the recognition of the fact that the 
weight of a chemical compound is equal to the sum 
of the weights of its constituents. We owe to the 
French chemist Lavoisier the recognition of the full 
ffigniflcance and the ingenious application of this 
law. We have him to thank for introdueing the well- 

^ Xatroduetory public lecture. 


known balance os a reliable guide in chemical work, 
whereby Lavoisier became the true founder of modern 
chemistry whose victorious march began in the nine¬ 
teenth century and has continued at a steadily in¬ 
creasing tempo. 

To be sure, Lavoisier's immortal services were 
poorly rewarded by his contemporaries; in 1704, dur¬ 
ing the confusion of the French Revolution, the 
Revolutionary Tribunal sent him to the guillotine. 

My topic is “From the ponderable to the Im¬ 
ponderable” in chemistry, in physics, and I might 
also*add, in biology. How far can we extend the 
limits of our qualitative and quantitative tests of 
chemical compounds f Are there methods of investi¬ 
gation that are reliable at and beyond the present 

limits of our balances? What are the lower limitst 
*. 

As a science develops, its methods are improved 
and its aids become more and more refined. The 
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quantitative analytical balance of the time of Lavoisier 
oertainly differed very considerably from the balances 
used in chemical laboratories to-day by every young 
student of chemistry. But even along this line de¬ 
velopment has not yet ceased. As it becomes possible 
to work with smaller and still smaller quantities of 
material, to that same degree we refine our analytical 
methods and the delicacy of our tests. The methods 
of “microchemistry” have now been added to those of 
ordinary or “macro” chemistry. 

Tlie usual modern analytical balance permits a mass 
of a few hundred grams to be weighed accurately to 
within one ten-thousandth of a gram. About thirty 
years ago Ncrust devised the micro-balance that bears 
his name, which weighs a few milligrams of material 
to within a few millionths of a gram. This device 
was followed by the Kuhlmann balance—now widely 
used in microchcmistry—which weighs amounts of 
even twenty grams to within a millionth of a gram. 
This was a tremendous advance, but the end was not 
yet; special methods enable us to weigh smaller 
amounts of material with very much greater accuracy. 

In such direct weighings the material is always still 
available in masses that are fractions of grams; by 
other methods it is possible to make qualitative and 
quantitative determinations of chemical compounds in 
masses whose lower limit is finally determined by their 
visibility under the microscope. It may be stated as 
a quite general truth that whenever, for any reason, 
it seems necessary positively to determine minute 
amounts of material, there will be found means and 
ways for doing so. This statement may be explained 
by a few examples. 

When the world war was over and the victors im¬ 
posed upon Germany the task of finding enormous 
sums for “reparations,” Fritz Haber proposed to 
himself the most interesting scheme of extracting 
gold from the inexhaustible reservoir of the oceans. 
Previous determinations by other .investigators had 
placed the gold content of sea water at five to ten 
milligrams of gold per metric ton (one thousand kilo¬ 
grams) of water. The gold ores of South Africa 
contain about one thousand times more gold per ton 
than does sea water, but the greater ease of working 
water, as compared with rigid rock, made the task 
seem very promising. If it succeeded it would open 
up an inexhaustible source of gold, for Arrhenius had 
estimated that, with a richness of six milligrams of 
gold per ton of water, the total content of all the 
seas amounted to eight billions of tons of gold. 

The plan itself—to secure gold in this way*—did 
not succeed and could not succeed. Instead of the 
assumed gold-content of five to ten milligrams per ton, 
Haber's numerous experiments showed only about 
one thousandth as much. But they accomplished 
a great advance in the analytical methods for separat¬ 


ing out minute amounts of material. Mioroseopio 
measurement of the tiny gold spherules obtained from 
the precipitation enables one to dotermine with cer¬ 
tainty one ten-millionth of a gram or less. This 
determination of microscopic traces of gold was suc¬ 
cessfully employed in explaining and combating ex¬ 
periments that in their day caused groat excitement 
because they seemed to indicate the supposed trans¬ 
mutation of mercury into gold. 

Mercury furnishes another illustration in this con¬ 
nection. While Alfred Stock was working in Berlin 
he became a victim of the injurious effects of small 
amounts of mercury. He combined his great educa¬ 
tional campaign regarding the deleterious nature of 
the cheaper amalgam dental fillings, with the develop¬ 
ment of a demonstration of the presence of very small 
amounts of mercury in the saliva, in urine, and in 
exhaled air. As a result it is possible to demonstrate 
the presence of a hundred millionth of a gram of 
mercury in the form of tiny crystals of mercury 
iodide, so minute as to be barely visible under the 
microscope. 

Many other chemical elements and compounds 
might be cited, that have been identified in such 
amounts by weight as would never have been possible 
without the aid of the increasingly important methods 
of microchemistry. 

It will now be asked whether there is really any 
good reason for such extraordinary refinement in our 
experimental aids for recognizing and quantitatively 
determining such small amounts. It is by no means a 
matter of indifference whether we can prove the 
presence somewhere of a minute amount of a metal 
or of a chemical compound as an impurity of other 
metals or compounds. Modem research has demon¬ 
strated the great influence exerted upon the hardness, 
ductility and durability of metals by very small addi¬ 
tions of other substances to them. Again, in all the 
life processes of plants as well as of animals, sub¬ 
stances present in minutest amounts often play a 
much greater role than do those substances occurring 
in easily determinable quantities. Mere mention of 
enzymes, hormones, vitamins, is sufficient to point out 
such substances to you; we shall return later to their 
consideration. 

In order to understand how it is that the smallest 
amount of a substance can so often produce such 
great effects, it must be remembered that even the 
smallest of the weights mentioned above, via,, one 
one-bundred-millionth of a gram consists nevertheless 
of a very large number of those minute particles 
that we call atoms or molecules. 

As to the number of molecules obtained in a given 
weight of a chemical compound, this can be accurately 
determined if we know its molecular weight, as it is 
called; and the latter can almost always be readily 
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ascertained. The atomic or molecular weight in grams 
of a substance contains the inconceivably large num¬ 
ber of 6 X10^^ atoms or molecules. Some interesting 
computations by the English physicist Aston^ enable 
one to form some conception of their quantity. Sup¬ 
pose we have an absolutely evacuated incandescent 
lamp bulb of the usual size, and make an opening into 
it BO fine that one million molecules of air enter in 
one second. Then one hundred million years must 
elapse before the bulb will fill with air to atmospheric 
pressure. 

Again, suppose that in some way each of the mole¬ 
cules in the two hundred grams of water contained in 
an ordinary glass of water could be made visible, 
could be labeled or tagged. If this glassful of water 
were tlien poured into the ocean at any point—Aus¬ 
tralia, the Gulf of Mexico, some Russian river—then 
after a very long time the two hundred grams would 
be uniformly distributed throughout the oceans of 
the globe. Now if a glass of water were dipped up at 
random from the ocean at any point, whether from 
the surface or from a depth of six thousand meters, 
there would be found more than two thousand of those 
tagged molecules in this glass of sea water. 

Finally, take an example from my own particular 
field of radioactivity. Through atomic disintegration 
the element uranium gradually changes into the ele¬ 
ment lead, in fact during every second ten thousand 
atoms are converted per gram of uranium. But 
seventy-one million years must elapse before this 
single gram of uranium has formed one hundredth 
of a gram of lead. 

Returning to the tiny amounts of gold and of 
mercury mentioned above, it is easily computed that 
there must be millions of millions of atoms or of 
molecules in the microscopic particle of gold or of the 
mercury salt referred to. It is justifiable to inquire 
whether there are methods by which one can recog¬ 
nize amounts even smaller than those considered 
above—quantities lying beyond the limits of direct 
w^oighing or of direct vision. This question is an¬ 
swerable distinctly in the affirmative, and wo shall 
now consider a series of such methods. 

First in interest among these methods is that of 
spectrum analysis, devised by Bunsen and Kirchhofl, 
which reveals the chemical composition of a sub¬ 
stance by the spectral lines that its vapor emits under 
appropriate excitation. You all know that this 
method has revealed to us the chemical composition 
of the heavenly bodies, and proved that they consist 
of precisely the same elements as does our earth. 
Bunsen and Kirchboff sought to determine the smallest 
amount by weight that was recognizable by their 
method, and they found that in the case of sodium 

W. Aston, Nature, 110: 702, 1922. 


as little as 3 X gram could be detected spec¬ 
troscopically. To be sure, the practical execution of 
their experiments required considerably larger 
amounts (practical V3 theoretical sensitivity). Many 
gaseous elements have a much higher spectroscopic 
sensitivity than do the solid metals like sodium. 
Paneth’s researches in particular should be mentioned 
in this connection. He bus been able to identify the 
noble gas helium in amounts as small as 2 x 
gram, and to make quantitative determinations of as 
little as 2 X 10'^^ gram, employing Otto Stern's later 
refinements of Pirani's method. Here again is illus¬ 
trated the fact—HO gratifying for the progress of 
science—that when a new task is set the means and 
methods for accomplishing it are also often discov¬ 
ered. Paneth and his coworkers employed his refined 
spectroscopic method in their quantitative determina¬ 
tions of the minute helium content of a large number 
of iron meteorites, and thereby detennined the age 
of these heavenly bodies. Paneth came to the re¬ 
markable conclusion that meteorites probably origi¬ 
nated within our solar system and not—as was 
previously assumed—from fixed stars outside that 
.system. 

Spectrum analysis has recently found an extra¬ 
ordinarily fruitful field in applied qualitative ard 
quantitative chemical analysis. The demonstration by 
spectrum analysis of the “ultimate lines" of the ele¬ 
ments now enters into an ideal contest with former 
micro-analytical methods, “spot" analysis and po- 
tentiometric titration in the determination of the least 
traces of impurities in metals, forensic preparations, 
and other substances (Gerlach and his co workers). 

Of late years x-ray spectroscopy also has developed 
as a powerful tool for chemical research, making 
possible the discovery of new elements at their lowest 
concentration, and the determination of impurities in 
metals that would certainly have escaped detection by 
ordinary chemical analysis. 

To consider this broad and fruitful field of study 
in more detail would take us far beyond the limits 
of a one-hour address. A single method of optical 
identification may briefly bo considered, however, since 
it served in its day to solve a problem that was of 
interest to the non-technical world. Organic chem- 
istiy^ knows of dyes whose aqueous solutions have 
very intense coloring pow6^i; infinitely minute 
amounts of these dyes can be detected even at extra¬ 
ordinary degrees of dilution. Among these coloring 
substances is fluorescein, discovered by A. von 
Baeyer. At the suggestion of von Baeyer this prop¬ 
erty of fluorescein was employed in 1877 to determine 
a supposed subterranean connection between the Dan¬ 
ube and the Rhine rivers. A solution of ten kilo¬ 
grams of fluorescein was sunk in the Danube near 
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its head spring. After an interval of about sixty 
hours the charaeteristio fluorescence of the dye ap¬ 
peared in a little river which empties into Lake 
Constance and thence into the Rhine, but has no 
visible connection with the Danube. The coloration 
lasted for about thirty-six hours. The supposed con¬ 
nection between the two rivers has been proven ex¬ 
perimentally. 

Turning from these optical methods that impress 
the vision, to methods working through other senses, 
our attention is held above all by such substances as 
appeal to the sense of smell. Here it is foimd that 
through this sense one can recognize substances 
present in quantities that are far below the limits of 
the chemical balance. 

As early as 1887 a classical investigation in thia 
field was carried out jointly by Emil Fischer and E. 
Penzoldt. Up to that time the sense of smell was 
thought to be most sensitive toward the odor of 
attar of roses. The presence of an unbelievably small 
trace of this perfume can be detected in this manner. 
But these two investigators found that even smaller 
amounts of a derivative of hydrogen sulfide, mer¬ 
captan, could readily be recognized through its power-, 
ful and highly disgusting odor. When the air of the 
room contained by volume one part of mercaptan 
in three hundred million parts of air, the stench was 
so penetrating that “the odor passed off only grad¬ 
ually even after opening four windows, two doors, and 
setting up a strong draft.” Fischer and Penzoldt 
found that as minute an amount as one part in fifty 
thousand million of air could thus be recognized. On 
the assumption that about fifty cubic centimeters of 
air must flow past the olfactory nerves of the nasal 
passages to make an odor noticeable, the amount of 
mercaptan that can be recognized by its stench is one 
four hundred and sixty thousand millionth of a gram, 
an absolutely unwcighable quantity. 

In the course of time the limits of detection by 
smell were determined for many other agreeable and 
evil smelling substances, and a great many of them 
were found to be as potent as is mercaptan. Among 
the fragrant substances are ionon (the essence of the 
violet) and vanillin (the fragrant substance in 
vanilla). Among the evil-smelling bodies may be men¬ 
tioned butyric acid, whence comes the stench of rancid 
butter. The enjoyment of sweet butter is spoiled for 
us by absolutely unweighable amounts of that com¬ 
pound. 

A computation of the number of molecules of those 
substances detectable by smell always shows that many 
million molecules of the substance are involved per 
cubic centimeter of air. There is no great wonder, 
then, that certain animals seem to be able to recog¬ 
nize a very much smaller amount of disagreeable 
of fragrant substances. The dog’s and the insect’s 


sense of smell are good examples, and partieulariy 
that of butterflies—^whose scenting powers- actually 
border on the marvelous. The Swiss naturalists 
Fabre and Porel report the following experiment; 
The caterpillar of a butterfly was raised in the city 
of Zurich, spun its cocoon and emerged the following 
spring as a female butterfly. This female was im¬ 
prisoned in a room with windows open, but within 
two days more than one hundred males of the same 
species had gathered in the room; they had traveled 
a number of kilometers from the forests in the en¬ 
virons of Zurich. Such statements might be relegated 
to the realm of fable had they not been adequately 
confirmed. 

We turn now to another field. The preceding 
methods for identifying minute amounts of material 
have in common the feature that the substance is al¬ 
ways recognized by some one of its specific charac¬ 
ters. But there is an almost boundless number of phe¬ 
nomena in which the presence or absence of minute 
amounts of substances is detected, not directly, but 
through the effects they produce. Among these the 
most important are the effects upon life processes. 

Thus, many metals and chemical compounds exert 
a poisoning influence on the lower organisms. Dis¬ 
infection and antiseptic methods are baaed upon this 
fact. A couple of pictures showed bow small the 
Eunount may be and yet produce an evident effect 

The first slide showed a group of houses in a small 
town of southern Germany. These houses are roofed 
with a flaggy limestone from the Jura, and in the 
course of time the growth of a great variety of mosses 
and lichens has given these slabs a beautiful dark 
patina. The picture showed that some of these house 
roofs are crossed by a pair of parallel white streaks. 
There the growth of moss and lichens is absent. The 
reason for this is that two naked copper wires pass 
above these houses, the rain dissolves traces of copper, 
the extremely dilute copper solution drips on the 
roofs, and in these areas the plant growth is inter¬ 
rupted. 

This poisoning effect upon the lower organisms of 
minute amounts of metal was clearly shown in the 
next slide. A nutrient agar-agar preparation was 
inoculated with a culture of Staphyloeoeem, and a 
silver coin was laid upon it.” The dish was kept in * 
the dark and at a low temperature for several days. 
Under these conditions the baotaria do not multiply, 
but traces of the silver can nevertheless ^^use 
through the nutrient. Later the dish was placed in a 
warm incubator, whereupon a luxuriant growth of 
bacteria developed. Around the coin, however, Uiere 
was a space free from bacteria, where the dissolved 
metal had prevented their growth. In su<di a ease it 
certainly would be very difficult to prove the presenee 

s H. Beebold, Kolloid^Z,, 2$: IdS, 1019. 
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of by one of the^ usual ohemical methods, for 
the sOver oontent per cubic centimeter of nutrient 
solution could have been only a few hundred-mil¬ 
lionths of a gram. 

Recently the katadyne process had made extensive 
use of this so-called ^‘oligodynamic’^ effect. The very 
large number of papers and patents relating to the 
sterilization of water, milk, and other substances, 
testify to the steadily increasing significance of this 
process. It is interesting to find that the ancient 
Egyptians employed this disinfecting action of minute 
amounts of dissolved metal. Ox>en wounds healed 
better and more rapidly if they were covered with 
silver plates. The traces of dissolved silver prevented 
infection. Bone fractures repaired with silver wire 
show a greatly reduced tendency to infection- 

In the eases here mentioned these infinitesimal 
amounts of material acted as poisons toward low 
forms of life. Much more important for all life- 
processes are those cases where the presence of a 
very small amount of substance is essential for life- 
processes, where lack of it produces deficiency phe¬ 
nomena and can mean illness and death. 

This brings us to the supremely important field of 
the enssymes, vitamins and hormones. The catalytic 
enzyme or ferment reactions that are so determina¬ 
tive of organic phenomena find their inorganic, model¬ 
like counterpart in the catalytic decomposition of 
hydrogen peroxide into water and oxygen by minute 
traces of the noble metals present in the most finely 
divided state. Many years ago Bredig found that 
three millionths of a gram of colloidal platinum per 
liter of water produced a marked acceleration in the 
decomposition of hydrogen peroxide. Conversely, the 
slightest trace of “catalytic poisons” suffices to hinder 
this action by platinum; scarcely more than one mil¬ 
lionth of a gram of hydrocyanic acid per liter of 
water was found to produce such a “poisoning.” 

The living cell shows corresponding catalytic re¬ 
actions. The respiratory ferment, which is indis¬ 
pensable for cell growth, and which has been studied 
in detail by Otto Warburg, contains minute traces of 
iron—the so-called “enzyme iron.” Only very delicate 
qualitative reactions can prove the presence of this 
iron. Nevertheless, the cell’s life is extinguished if 
the iron is removed or its action is chemically pre¬ 
vented. As in the oatalysis of hydrogen peroxide by 
platinum, very minute amounts of hydrocyanic acid 
put an end to the catalytic action, “poison” the 
respiratory ferment, and the respiratory activity 
oeases. 

Less nnderstood, as yet, than these enzyme reactions 
iathe mechanism of the effects observed in connection 
with the “hormones.” A few illustrations may be 
giv»eii. The human thyroid gland secretes thyroxine, 
ait organic compound containing iodine, whose ab- 


senoe can induce severe metabolic diseases; in the 
lower animals a hereditary lack of this compound 
causes extraordinary effects. An American species of 
salamander, the Axolotl, often fails to complete its 
metamorphosis—particularly when in captivity—from 
the aquatic, gill-breathing larval stage to the fully 
developed terrestrial, lung-brcathing animal. A single 
abdominal injection of a hundred thousandth of a 
gram of thyroxine suffices to prc>duce promptly and 
positively the otherwise suspended metamorphosis. 

A tadpole that develops very slowly if at all in 
water wholly freed of iodine, accomplishes its meta¬ 
morphosis in a thyroxine solution of one part 
thyroxine to five thousand million parts water, and 
more rapidly than it would in an otherwise normal 
environment. 

In these cases minute amounts of organically com¬ 
bined iodine have released vitally important functions, 
and in other cases minute amounts of other chemical 
elements have produced corresponding phenomena. 
During the past year Schmiickcr* in Gottingen has 
strikingly demonstrated the extraordinary and specific 
physiological activity of a minimum concentration of 
boric acid. He experimented with the pollen grains 
of tropical water lilies whose natural nutrient liquid 
contains small amounts of boric acid. If this bcT»o 
acid is removed development ceases; if it is added 
in amounts of a hundred thousandth to a millionth, 
normal development is resumed. In this case the 
boric acid piay actually be described as an “in¬ 
organic hormone.” 

Special interest attaches to the growth-producing 
substance “auxin” recently investigated by the Dutch 
botanist Went,® and prepared in the pure state by 
the Gennan chemist Kogl.® The growth of plants re¬ 
quires extremely slight amounts of this hormone-like 
compound, in addition to the o-ther materials belong¬ 
ing to plant structures. When an oat-sprout is 
“topped” to remove the tip, the growth of the sprout 
is stopped. If a trace of the “auxin” preparation— 
which can be extracted from the cut-off tip—is ap¬ 
plied to the truncated end, growth is revived. An 
application of the “auxin” to one side of the sprout’s 
end revives the growth on that side only; the sprout 
therefore curves toward the opposite side. The unit 
amount of “auxin,” that which suffices to cause a 
curvature of about 10°, has iJecn called the “avena 
unit,” Kogl has now successfully prepared the pure 
crystallized growth-producing substance “auxin,” and 
it has been found that the growth-unit just defined 
is produced by the fifty-millionth part of a milligram, 
that is, 2x10'^^ gram of “auxin.” In the first at¬ 
tempts *to secure this very interesting substance maize 

^ Schmucker, NiUurwisBenschaftenf 20: 839, 1932. 

5 Went, N^kturwiBBenachaften^ 20: 696, 1938, 

«K6gl, Cfcsm. Weahhlad, 29; 21, 1932. 
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and oat sprouts were used; but even one hundred 
thousand maize tips contain only very small amounts 
of “auxin.” Its best source was Anally found to be 
human urine, which is a source of many highly im¬ 
portant physiological substances. It has been found 
that every human being, regardless of age or sex, 
secretes on the average two milligrams of auxin daily. 

The foregoing expositions have shown that there 
are many ways, some direct and some indirect, for 
proving the presence of substances and determining 
their exact amounts when the latter are beyond the 
scope of the chemical balance. At the same time, 
however, it has been found that even the least of the 
amounts we have considered consists of a very large 
number of molecules. Is there, then, no bridge lead¬ 
ing from these relatively gross quantities to the in¬ 
dividual atoms? 

In the closing years of the last century tlicre were 
discovered the radioactive substances, and these 
actually do furnish the key that has, at one turn, 
opened the gate to this Aeld formerly regarded as 
closed to exploration. The Anal section of this lec¬ 
ture will therefore be devoted to a consideration of 
these radioactive substances. 

Radioactive elements are those which are subject 
to spontaneous intra-atomic disintegration. The dis¬ 
charge of small fragments of atoms—the so-called 
“radioactive rays”—gives rise to new elements 
possessing new chemical and physical properties. The 
radiant particles emitted during the disintegration are 
characterized by an enormous initial velocity and it is 
because of their high velocity that the particles, in 
spite of their merely atomic magnitude, reveal their 
presence in the most varying ways through the effects 
they produce. Those effects of the radiation con¬ 
stitute the fundamental difference between the long- 
known chemical and the new radioactive methods of 
investigation. In the former case ordinary stable 
atoms are used for investigation, and all that has been 
said shows that many milhons of atoms or of mole¬ 
cules are required for such work. In the case of 
the radioactive substances one measures at the instant 
of emission the rays coming from the disintegrating 
atoms. Thus it is not the absolute number of atoms 
present, but the number of atoms disintegrating dur¬ 
ing the period of measurement that is of importance. 
By studying this radiation-intensity it is possible to 
investigate a whole series of different radioactive 
atoms (chemical elements) in masses that are far be¬ 
low the limits of chemical identiAcation. By means of 
their radiations invisible and unweighablc masses can 
be recognized as present, and they can also be ac¬ 
curately analyzed and determined quantitatively. The 
broad Aeld of applied radiochemistry employs these 
properties of radioactive substances to study the be¬ 
havior of imponderable amounts in the presence or the 
absence of inactive accompanying substances; it puts 


into our hands the means for attacking and solving 
chemical and physico-chemical problems unanswerable 
by other methods. 

There is not time to discuss this matter now in any 
detail and a few brief references must sufAce. In con¬ 
nection with spectrum analysis it was mentioned that 
optical methods enabled us to demonstrate the pres¬ 
ence of traces of impurities in metals and chemical 
compounds. Radioactive methods enable us to go yet 
further and to study the laws according to which un- 
weighable amounts of foreign materials are taken up 
by their earners. 

The next photograph showed two crystals of dif¬ 
ferent salts. One was a natural crystal, gypsum, 
which after irradiation had the striking property of 
phosphorescence along certain of its crystalline sur¬ 
faces.^ There is hardly any doubt but that this selec¬ 
tive phosphorescence was due to minute amounts of 
impurities deposited regularly on the crystal as it 
was growing. The probable correctness of this ex¬ 
planation was shown by tlie second crystal, rubidium 
sulphate, which we made artiAcially and which con¬ 
tained less than one billionth of a gram of a radio¬ 
active substance (lead). This crystal was placed in 
the dark upon a photographic plate, and the latter 
was developed after a short exposure. The picture 
showed plainly that these absolutely imponderable 
amounts of radioactive material here also were de¬ 
posited in a regular manner. The remarkable charac¬ 
ter of this distribution could not possibly be de¬ 
termined by other than radioactive methods, because 
the inAnitesimal amounts involved in these inclusions 
can not be detected by analytical chemical methods. 

When the radioactive substance is not embedded 
in a crystal, as in the case just considered, but is 
adsorbed by minute particles in a liquid or a gas, it 
is possible to determine directly the nature of the 
radioactive element emitting the rays, from their 
effects on a photographic plate. The next illustration 
showed how this is possible.® 

One could notice that there were a number of dark 
circular Agures of various diameters; the diameters 
of these circles are quite deAnitely characteristic of 
certain radioactive substances. Were other substances 
of this kind present, the circles or zones would have 
a different radius. This makes it possible to identify 
a chemical element in this way when perhaps a 
thousand or less atoms are present, and there is notic¬ 
ing to prevent the detection of a still smaller number 
of atoms. 

These circles, called “radioactive zones,” produced 
here artiAcially upon the photographic plate, occur 
naturally in many minerals and are of prime sig- 
niAcance in problems on the history of our earth. In 

^ SandbtLch dev Experimentalphytih, Band ZXltl, 8 
(Tomaschek). 

9 See Mile. 0. Ohami6, CompteM 1988-1831. 
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the pleochroic halos, so-oalled, one has to do with 
very small, circular images; they are found in par¬ 
ticularly beautiful development in a fluorite from 
southern Germany. The colored medium in this case 
is the decidedly less sensitive rock in place of the 
highly sensitive photographic plate. Our next slide 
showed photographs of such zones or halos. ^ They 
appear as a largo number of concentric circles, each 
circle corresponding to a particular one of such 
radioactive decomposition-products as are found in 
uranium or thorium minerals. The interruption of 
the circular area by brighter annular bands results 
because the rays are most effective at the respective 
limits of their so-called “range.’^ Minute traces of 
radioactive minerals are embedded in the inactive 
fluorite, and have sent their rays into the surrounding 
mineral which they have colored. 

Experimental determinations of the number of rays 
necessary to produce these zones and the microscopical 
measurement of the volume of the radioactive dust 
particles that caused the halo, enabled Rutherford 
and doly to figure out that in many cases several 
hundreds of millions of years were required to pro¬ 
duce such halos. This demonstrates the tremendous 
age of the solid crust of the earth. The study of 
these pleochroic halos reveals the almost overwhelm¬ 
ing fact that it is possible in this way to demonstrate 
atomic transformations in which, every few years, one 
single atom breaks down with the omission of a 
radiant particle. Compare with this the fact that in 
one milligram of radium, seventeen million atoms dis¬ 
integrate every second, and yet thousands of years 
must elapse before this minute mass of radium has 
been completely transformed. 

Radioactive phenomena, in fact, now offer us the 
possibility of determining and studying the behavior 
of substances consisting of only single atoms. The 
so-called ‘‘Wilson cloud-chamber'’ carrit^ out such 
work in an especially intensive mannoi, and in con¬ 
clusion some slides were presented demonstrating the 
principle of this method and pointing out what it cun 
aocomplish. 

When the alpha rays of radioactive substances 
traverse the air it is well known that they produce 
positively or negatively charged air particles—the 
so-called “ions." If this air is saturated with water 
vapor and then rapidly cooled, the cooling causes the 
vapor to condense in cloud droplets where these ions 
are present. Under suitable illumination, the mist 
in the air chamber is plainly seen to be divided into 
sharp lines, and these lines correspond to the paths 
of the ions from the alpha rays. The length of the 
pa^ represents the range of the alpha rays in air. 

Each of the many straight lines oorresponds to a 
radiant particle and therefore to a disintegrated 

•Qudden, Z. Phffgih, 20, 110, 1924. 


atom. In a case illustrated, the disintegration of 
two different substances was involved, therefore there 
were noted two different groups of rays, one having 
a greater and the other a lesser fleld of action. Clearly 
a much smaller number of rays than that shown can 
be recognized in this way. 

The next figure showed something else. In addi¬ 
tion to the brush of numerous normal alpha rays, 
there appeared in one place a longer and much thinner 
ray.^® This was a hydrogen ray that had been set in 
rapid motion by an alpha ray, a rather unusual phe¬ 
nomenon. These fog-traeks aid in the photographic 
recording of such rare atomic processes. The modem 
terms atomic disintegration, atomic structure, neu¬ 
trons, indicate how extraordinarily fruitful for the 
modern physics of the atom is this mciiiod of photo¬ 
graphing fog-tracks. 

The Wilson photographs clearly demonstrate our 
ability to detect extremely minute amounts of mate¬ 
rial, but an even more striking illustration of the 
sensitivity of this method was funiished by an occur¬ 
rence in the speaker's laboratory in the Kaiser Wil¬ 
helm Institute in Dahlcm. 

While Wilson photographs were being made in 
Professor Lise Meitner's room in the physics section 
of the institute, one of the speaker's collalxiratoM 
opened, in the distant chemistry section, a vial con¬ 
taining a solution of a few milligrams of radium, A 
fraction of the radium emanation, not more than 
about one one-hundred-millionth of a gram, escaped 
into the laboratory. Thence a smaller fraction 
escaped into the corridor, and thus an infinitesimally 
small quantity entered the room where the Wilson 
photographs were being made. The result was 
recorded ou the photograph shown in the last view. 
One could see a multitude of Wilson-paths running 
crisscross through the photographing chamber; these 
had been made by emanation atoms that had entered 
the Wilson-chamber, and, at the moment of exposure, 
had been disintegrated by ray emission. These minute 
traces of emanation “infected” the apparatus, and 
perfect records could not be made again until the 
last traoe of emanation had been removed from the 
chamber, or had disintegrated. 

We may esteem ourselves fortunate that the detec¬ 
tion of non-radioaotive substances is less sensitive 
than those that have been described. If we could see 
how many nuclei of dirt, dust, and disease are con¬ 
tained in the air we constantly inhale, we might be 
terrified and hardly dare to breath. Nature in her 
wisdom has arranged matters so that in the course 
from the ponderable to the imponderable the limits 
of visibUity coincide approximately with the limits of 
weighability. Let us be thankful that it does not 
reach down to the individual atoms I 

10 For these Wilson-photogp-aphs the speaker was in¬ 
debted to Professor Lise Meitner. 
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SCIENTIFIC EVENTS 


HUMAN REMAINS DISCOVERED BY THE 
BRITISH EAST AFRICAN EXPEDITION 

A CONFERENCE was called by the Royal Anthro¬ 
pological Institute on March 18 and 19 to discuss 
the early human remains recently discovered by the 
East African Expedition of Dr. L. S. B. Leakey, and 
to examine the material which is now assembled in 
Cambridge. Naftere reports that after hearing Dr. 
Leakey^s exposition of his discoveries, and a general 
discussion of (questions arising therefrom, the confer¬ 
ence appointed committees to report, respectively, on 
the geological, paleontological, anatomical and archeo¬ 
logical evidence. 

The committee on paleontology rejmrted that 
Kanam East and Konam West exhibit differences 
only in the relative numbers of the fossils of different 
groups. With the human jaw at Kanam West were 
found close relatives of the two types of rhinoceros 
still living in tho region, a small hippopotamus, a pig, 
an antelope, fragments of mastodon, two teeth of a 
very large deinotherium and remains of Trionyx, In 
Kanam East the collection consists chiefly of mastodon 
with a primitive elephant, deinotherium, and a few 
specimens of hippopotamus, rhinoceros, horse and a 
young monkey. 

The fossils from Kanjera have a later aspect. One 
elephant has dental plates as deep as those of E, a»ti- 
quus, and all the remains of elephant are of Asiatic 
or European type. At least two antelopes, Eylceo- 
choeruB^ Phacochmrus, and a large pig distinct from 
that of Kanam West, have a very modem appear¬ 
ance. A baboon is remarkable for its comparatively 
short face. One etpiine upper molar approaches IJip- 
parion, if it does not actually belong to that genus. 
Typical Equus also occurs. Fragments of mastodon, 
rhinoceros, a giraffoid, hippopotamus and a carnivore 
have also been found. 

The committee thinks that the Kanam deposit 
should be referred to the Ijower Pleistocene, in which 
the deinotherium and mastodon are survivals from the 
Upper Pliocene. It also thinks that the Kanjera 
fauna can not be later than the Middle Pleistocene. 

The conference, according to Nature, after detailed 
discussion and after receiving supplementary informa¬ 
tion furnished by Dr. Leakey and Mr. Mclnnes as to 
the circumstances of their discoveries, accepted the 
reports; congratulated Dr, Ijeakey on the exceptional 
signiflcance of his discoveries, and expressed the hope 
that he may be enabled to undertake further re¬ 
searches, seeing that there is no field of archeological 
inquiry which offers greater prospects for the future. 
It especially urged the early organization of another 
expedition. The following were present and concurred 


in the above conclusions: Sir Arthur Smith Woodward 
(chairman), A. L. Armstrong, H. Balfour, Miss D. 
M. A. Bate, P. G. H. Boswell, M. C. Burkitt, V. G. 
Childe, L. C. G. Clarke, W. L. H. Duckworth, H. J. 
Fleure, C. Forster Cooper, V. E. Fuchs, A. C. Had- 
don, A. T. Hopwood, 0. T. Jones, Sir Albert Kitson, 
L. S. B. Leakey, D. Mclnnes, E. H. Minns, J. Reid 
Moir, J. L. My res, T. Q. Mollison, F. Oswald, El. S. 
Sandford, R. A. Smith, W. J. SoUas, J. D. Solomon, 
Miss M. L. Tildesley and D. M. S. Watson. 

THE MORRIS ARBORETUM OP THE UNI^ 
VERSITY OF PENNSYLVANIA 

TiiE Moms Arboretum of the University of Penn¬ 
sylvania will share in a collection of more than 30,000 
mounted botanical specimens from eastern Asia as a 
result of its participation in a botanical expedition 
which has been at work there under the direction of 
Dr. Joseph F. Rock, of the U. S. Department of Agri¬ 
culture. 

According to Dr. Rodney H. True, professor of 
botany at the university and director of the arbo¬ 
retum, in addition, the seed of several hundred va¬ 
rieties of Oriental plants, many of which offer pos¬ 
sibilities of reproduction in tliis country, will also 
come to the arboretum from the Rock expedition. 

Of the collection made by Dr. Rock, who has been 
agricultural explorer in the office of foreign plant 
introduction of tho Department of Agriculture since 
1920, only about one third has thus far been classified. 
These classified specimens, which include more than 
five hundred rhododendrons, one hundred and fifty 
primulas, and many varieties of lilies, magnolias and 
the poppy-like meoanopsis, were found near the head¬ 
waters of the Irrawaddy River, in tho province of 
Tsurong west of the Koaker range, along the upper 
Salween River, and in other districts chiefly in south¬ 
eastern Tibet. The remaining two thirds of the speci¬ 
mens, as yet unclassified, have been collected in a wide 
area which includes in general the region between the 
Yangtze and Mekong Rivers and a section north of 
Muli This latter section hitherto had been untouched 
in botanical explorations. 

In addition to tho Morris Arboretum, the share¬ 
holders in Dr. Rock’s expedition include the Arnold 
Arboretum, of Boston; the New York Botanical 
Garden; the Edinbuigh Botmiioal Garden; H. D. 
MaoLaren, of Bodnant, Wales; the Morton Aiho- 
retnm, lisle, Illinois, and the University of Cali* 
fomia. 

The material eoUeoted is being sent to the Uniw!^ 
city of California where it is being seaembled 
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elasflifled for future diatribntion to all the ehare- 
holdere iu the expedition, 

Aoeordiug to Dr. True, the participation of the 
Monis Arboretum in the Rock expedition marke the 
first Btep in the arboretum’s program for the col¬ 
lection of rare botanical specimens from all parts of 
the world. Although the arboretum already has a 
wide representation of Oriental plants, its herbarium 
will be greatly enriched by the mounted specimens 
from Tibet. It is expected that the seeds from the 
Rock expedition will enable the arboretum to grow 
many varieties of Oriental plants. 

DEDICATION OF THE GEORGE EASTMAN 
RESEARCH LABORATORIES OF THE 
BdASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 

Thk George Kastman Research Laboratories of the 
Massachusetts Institute of Technology will be dedi¬ 
cated on Monday, May 1. 

The new building, which takes its place in the main 
educational group, will be devoted to advanced train¬ 
ing and research in physics and chemistry, and many 
former students and members of the faculty in these 
fields will return for the dedication. It was built from 
a fund originally provided by the late George East¬ 
man for new buildings, and was completed last 
autumn. The laboratory offers the most advanced 
facilitios for fundamental study and teaching. 

The ceremonies will open with a meeting in the 
large lecture room of the laboratories in the morning, 
when the guests and official delegates will be welcomed 
in an address by President Karl T. Compton. Dr. 
Harry M. Goodwin, dean of the Graduate School, will 
apeak on "The Graduate School,” and Professor Fred¬ 
erick G. Keyes, head of the department of chemistry, 
will discuss "Chemistry at the Massachusetts Institute 
of Technology/' tracing the development of advances 
in this field at the institute since its beginning. 
"Physics at the Massachusetts Institute of Technol¬ 
ogy” will be the subject of an address by Professor 
John C. Slater, head of the department of physics. 
The meeting will be followed by an inspection of the 
laboratories and special exhibits. 

After a buffet luncheon in the Walker Memorial 
Building, the delegates will attend a meeting at which 
Dr. Arthur H. Compton, of the University of Chicago, 
will contribute a paper entitled "Cosmic Rays,” and 
Professor Charles A. Kraus, of Brown University, 
will speak on "Thirty Years of Physical Chemistry.” 

After the meeting, the inspection of laboratories 
and exhibits will be resumed, to be followed by a tea 
in the Forris Jewett Moore Room late in the after¬ 
noon. At 6; 30 in the evening the delegates will at- 
toad a dinner in Walker Memorial The ceremonies 
etin dose with a reception by President Compton and 


the staff of the George Eastman Research Labora¬ 
tories. 

As a preliminary to the dedication of the new build¬ 
ing, the Northeastern Section of the American Chem¬ 
ical Society, with members of various other New En¬ 
gland sections as its guests, will meet in the new build¬ 
ing on Saturday afternoon and evening, April 29. Dr. 
Otilbert N. Lewis, dean of the College of Chemistry at 
the University of California, a former member of the 
faculty, will make an address at the afternoon meet¬ 
ing on “The Preparation and Properties of Pure Hy¬ 
drogen Isotope.” At the dinner in the evening, Pro¬ 
fessor Ernest H. Huntress, of the department of 
chemistry, will perform a number of unusual experi¬ 
ments in chemistry. 

THE MINNESOTA ACADEMY OF SCIENCE 
Last October there were held in the Twin Cities 
several meetings with a view to orgauwing a Minne¬ 
sota Academy of Science. Formal organization was 
finally completed at a meeting held on November 18. 
The officers elected and appointed were: 

President, Wm. A. Riley, University of Minnesota, St. 
Paul 

Vice-president, H. E. Stork, Carle ton College, Nortli- 
field. 

Secretary-Treasurer, D. E. Minnich, University of Min¬ 
nesota. 

Councilors, George Friedrichs, State Teachers College, 
St. Cloud; Richard U. Jones, Macalester College, St. 
Paul; Rei^wend Wendel Luetmer, St. John’s Univer¬ 
sity, Collegeville; E. T. Tufte, St. Olaf College, North- 
field. 

On April 15, the first annual meeting of the acad¬ 
emy was held in the Zoology Building at the Univer¬ 
sity of Minnesota. At a morning and an afternoon 
session eighteen papera were read. The papers cov¬ 
ered a wide variety of fields, including biology, chem¬ 
istry, geology and astronomy. The noonday luncheon 
was the occasion of two addresses: one by Dr. L. M. 
Gould, of Carleton College, on “Antarctic Glaciation,” 
and one by Dr. A. E. Jenks, University of Minne¬ 
sota, on "Anthropologic Problems of Special Interest 
in Minnesota.” Forty-nine new active members and 
five new associate members were elected to the 
academy. 

The following ofiOioers were elected for the coming 
year; 

President, H. E. Stork, Carleton College, Northfield. 
Vice-president, T. B. Magath, Mayo Clinic, Rochester, 
Minnesota. 

Secretary-Treasurer, H. K, Wilson, University of Minne- 
sotoy St, Paul. 

Councilors, George Friedrichs, State Teachers College, 
St. Cloud; Richard U. Jones, Macalester College, St. 
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Paul; Wendel Luetmer, 8t, John's Univeraitj, Col^ 
legeviUe; E. T. Tufto, St. Olaf OoUege, Northfield. 

THE SALT LAKE CITY MEETING OF THE 
PACIFIC DIVISION OF THE AMERICAN 
ASSOCIATION FOR THE ADVANCE¬ 
MENT OF SCIENCE 

By invitation of the University of Utah, the Pacific 
Division of the American Association for the Ad¬ 
vancement of Science and associated societies will hold 
their seventeenth annual meeting at Salt Lake City. 
Unusually attractive rates have been offered by the 
railways for members pniposing to attend the meeting. 

The sessions will commence on Monday, June 12. 
In the afternoon a senes of reviews pertaining to the 
progress of scientific research will be presented. The 
subjects and authors are; Meteorology, 11. H. Kim¬ 
ball, Harvard University; Geology and Seismology, 
Eliot Blackwelder, Stanford University'; Astronomy 
and Astrophysics, K. G. Aitken, Lick Observatory^ 
Chemistry in itelation to Medicine, Chauncey D, 
Leake, University of California. 

Problems of major interest and the most noteworthy 
accomplishments in each of these fields will receive 
attention. 

The morning of Tuesday, June 13, is to be devoted 
to a symposium on “Scientific Problems of the Great 
Salt l^ike.” The subjects selected for consideration 
will he presented as follows: 

‘*The Ancestry of Groat Salt Lake," F. J. Pock, pro¬ 
fessor of geology, University of Utah. 


**Climatological and Uydrological Problems," T. G. 
Adams, associate professor of civil engineering, 
University of Utah. 

"Chemical Deposits and Problems," T. B. Brighton, 
professor of metallurgy, University of Utah. 

"Animal Life and Relations," R. V. Cliamberlin, pro¬ 
fessor of zoology, University of Utah. 

"Observations on Arteinia," E. G. Martin, professor 
of physiology, Stanford University. 

"Plant Life and Relations," W. P. Cottam, professor 
of botany, University of Utah. 

The general addresses to be delivered before the 
division at large are scheduled for the evenings of 
June 12, 13 and 14. The first will be by Dr. W, F. 
Durand, president of the Pacific Division, on “The 
Development of our Knowledge of the Laws of Fluid 
Mechanics”; that of Tuesday evening will be given 
by Dr. H. H. Kimball, of the Blue Hill Observatory, 
Harvard University, on “Meteorology—Ancient and 
Modern; its Development and Applications,” and that 
of Wednesday evening, June 14, by Professor Bailey 
Willis on “Earthquake Habits of Many Lauds.” 

June 15 will be the closing date for all the organi- 
ziations participating in tlie meeting, except the Amer¬ 
ican Physical Society and the Astronomical Society of 
the Pacific, whoso programs extend over June 16. 

Members of associated societies are reminded that 
the titles of papers to be presented at the meeting 
must be submitted as soon as possible for inclusion in 
the program. 


SCIENTIFIC NOTES AND NEWS 


WiixiAM Henry Holmes, chief of the Bureau of 
American P]thnology from 3902 to 1910, who retired 
last June as director of the National Gallery of Art, 
died on April 20 at the age of cighty-six years. 

At the meeting of the American Philosophical So¬ 
ciety held in Philadelphia on April 21, the following 
members were elected. Members resident of the United 
States' Donald II. Andrews, Baltimore; William Bell 
Dmsmoor, New York; Edward Vermilye Huntington, 
Cambridge; B. E. Livingston, Baltimore; Edward 
Martin, Media; Marshall S. Morgan, Philadelphia; 
G. Kingsley Noble, New York; Francis Randolph 
Packard, Philadelphia; Samuel Price Wetherill, Jr., 
Haverford; Westel Woodbury Willoughby, Baltimore, 
and James Thomas Young, Philadelphia. Foreign 
residents, James Colquhoun Irvine, St. Andrews, Scot¬ 
land, and Max Planck, Berlin, Germany. 

At the recent charter day exorcises of the Univer¬ 
sity of California, the doctorate of laws was conferred 
on Dr. William E. Ritter, emeritus professor of zool¬ 
ogy at the university, emeritus director of the Scrippa 


Institution of Oceanography and honorary president 
of Science Service. 

The honorary degree of LL.D. was conferred at the 
graduation ceremony on March 29 of the University 
of Aberdeen on Dr. D'Arcy Wentworth Thompson, 
professor of natural history at the University of St. 
Andrews, “in recognition of the fact that he had 
played a leading part in guiding the scientific investi¬ 
gation of an industry of immense importance to the 
city of Aberdeen, since the time when, in 1897, as 
a British delegate, he had attended the Behring Seas 
Fisheries Conference.” 

The University of St. Andrews will confer on June 
30 the honorary doctorate of laws on Professor Carl 
Neuberg, director of the Kaiser Wilhelm Institute for 
Biochemistry, Berlin, and editor of the Biochemiaehe 
Zeitschrift, and on R. S. Pearson, director of the 
Forest Products Research Laboratory, Princes Ris- 
borougb. 

Royal Medals of the Royal Geographical Society 
have been awarded as follows; The Founder's Medal 
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to Mr. J. M. Wordie, for the work he has done in 
polar exploration from the voyage of the Endurance 
in the Weddell Sea in 1914r-17 to the present day, 
and the Patron’s Medal to Professor Erich von Dry- 
galski, for his researches in glaciology, both in the 
Arctic and the Antarctic regions. The Murchison 
Grant has been awarded to Dr. Noiil Humphreys, 
for his expeditions in Ruwenzori; the Back Grant to 
Miss Preya Stark, for her journeys in Lunstan; the 
Cuthbert Peek Grant to Dr. L. S. B. Leakey, for his 
studies on climatic changes in East Africa; and the 
Gill Memorial to Khan Sahib Afraz Oul Khan, Sur¬ 
vey of India, for his frontier and trans-frontier ex¬ 
plorations and surveys. 

Du. WiLHicnM rii8, professor of internal medicine 
at Berlin, has been awarded the silver Carl Ludwig 
Modal for 1933, which is given every year for out¬ 
standing services in research on the circulation. 

Dr. IlosooE W. Thatcher, who resigned as presi¬ 
dent of the Massachusetts State College on account of 
ill health in September, 1932, and has since been on 
leave of absence in Florida, expects shortly to return 
to the college where he has been appointed to a re¬ 
search professorship. 

Dr, Carl Einar Hille, associate professor of 
mathematics at Princeton University, has been ap¬ 
pointed professor of mathematics at Yale University. 
Dr. Hille is a fellow of the American Academy of 
Arts and Sciences and managing editor of the AnnaU 
of Mathematics. 

At Harvard University, Dr. William Caspar Grau- 
stein has been promoted to a professorship and Dr, 
Marshall Harvey Stone, of Yale University, has been 
appointed associate professor of mathematics and 
tutor in the division. Dr. George Bogdan Kistiakow- 
sky has been promoted to an associate professorship 
of chemistry, and Dr. Bartholomeus Jan Bok, Willson 
teaching fellow, has been made assistant professor 
and tutor in the division of the physical sciences. 

Dr, Lawrence R. Blinks, of the Rockefeller Insti¬ 
tute for Medical Research, has been appointed asso¬ 
ciate professor of plant physiology in the department 
of botany of Stanford University, 

Dr, Hekvet W. Shimkr, professor of paleontolog>' 
at the Massachusetts Institute of Technology, has been 
made acting head of the department of geology to 
succeed Dr. Waldemar Lindgren, whoso retirement 
was recently announced. 

The nomination of Commander E. S. Patton as 
head of the U. S. Coast and Geodetic Survey has been 
Bfiot to the Senate by President Roosevelt. Com¬ 


mander Patton has been connected with the survey 
since 1904 and became director under the Hoover ad¬ 
ministration in 1929. 

According to an Associated Press dispatch Pro¬ 
fessor James Franck, who, jointly with Gustav Hertz, 
was awarded the Nobel Prize in physics in 1925, pre¬ 
sented his resignation from the University of Got¬ 
tingen to the German Ministry of Education on April 
18. He is reported to have said: have rwiucsted 

my superior authorities to release me from ofl&ce but 
will endeavor to continue scientific work in Germany.’’ 

A WIRELESS dispatch to The New York Times re¬ 
ports that the supervising board of the German Bu¬ 
reau of Standards, of which Professor Albert Ein¬ 
stein long has been a member, has expelled him on the 
ground that the “attitude he has taken toward the na¬ 
tional renaissance of Germany has made his remaining 
a iDember impossible.” 

An Associated Press dispatch from Berlin dated 
April 21 states that the German Government has ap¬ 
pointed Gottfried Fedor as president of the Reich’s 
Technical Society, giving him control of the eighty 
professional scientific organizations which it repre¬ 
sents. 

Dr. Vern 0, Knudsen, associate professor of phys¬ 
ics at the University of California at Los Angeles, has 
been nominated for president of the Acoustical So¬ 
ciety of America. The annual meeting of the society 
will be held id Washington on May 1 and 2. 

The following officers of the Society for Experi¬ 
mental Biology and Medicine have been elected for 
the ensuing year: President, A. 11. Dochez; Vice-pres¬ 
ident, E. L. Opic; Secretary-treasurer, A. J. Gold- 
forb; Additional Councilors, C. R. Stockard and 
G. B. Wallace; Nominating Committee, F. R. Sabin, 
chairman, T. Addis, W. R. Bloor, R. Chambers, W. T. 
Longcope, D. Marine, A. N. Richards, C. R. Stockard, 
C, J. Wiggers. 

Officers of the American Society of Biological 
Chemists for 1933-34 have been elected as follows: 
President, William M. Clark, the Johns Hopkins Uni- 
verdity; Vice-president, Howard B. Lewis, the Univer¬ 
sity of Michigan; Secretary, Henry A. Mattill, the 
State University of Iowa; Trea8}t^er, Cyrus H. Fiske, 
Harvard Medical School; Councilors, Harold C. 
Bradley, University of Wisconsin; Paul E. Howe, 
U. S. Department of Agriculture; William C. Rose, 
University of Illinois. 

Dr. a, 0. Rankine, professor of physios at the Im¬ 
perial College of Science and Technology, was elected 
president of the Physical Society, London, at the an¬ 
nual meeting on March 17. Dr. William Wilson, 



408 


scmms 




Hildred Carlile professor of physics in the University 
of London, was elected viee-president. 

At the recent annual meeting' of the Geolo^cal So¬ 
ciety of London, Sir Thomas Holland was elected 
president and Professor E. J. Garwood, J, F. N. 
Green, W. Campbell Smith and Professor W. W. 
Watts were elected vice-presidents. 

Recent awards from the Elizabeth Thompson Sci¬ 
ence Fund have been made to Dr. S. W. Britton, 
University of Virginia, $150 additional, to be used 
for the purchase of chemicals and other supplies 
necessary in his study of the function of the adrenal 
glands, and to Dr. Erwin Chargaff, Hygienische In¬ 
stil ut, University of Berlin, $100, for aid in his inves- 
tig'ations dealing with the chemisti’y of ])athogenic 
bacteria, especially with the lipoids and carbohydrates 
of the acid-fast group. The trustees of the Elizabeth 
Thompson Science Fund meet ordinarily during the 
last ten days of the months of February, May and 
November. Applications for grants should be sent 
well in advance of the meeting to the secretary of the 
fund. Dr. Alfred C. Redfield, the Biological Insti¬ 
tute, Divinity Avenue, Cambridge, Massachusetts. 

Eighteen fellowships in medicine, including two 
renewals, for study in the United States and Europe 
during 1933-1934, were awarded at the spring meet¬ 
ing of the Medical Fellowship Board of the National 
Research Council, Washington, D. C., of which Dr. 
G. Carl Huber, dean of the Graduate School, Univer¬ 
sity of Michigan, is the chairman. A list of the 
successful candidates follows: Caroline C. Bedell, 
Maurice Brodie, James K. W. Ferguson, Ear] W. 
Flosdorf, Louis S. Goodman, William G. Gordon, 
Arthur T. Hertig, Joseph Hughes (renewal), Thomas 
n. Jukes, James M. Orten, Alwin M. Pappenheimer, 
Wesley T. Poniincrenke, Clarence F. Schmidt, Jr. (re¬ 
newal), Heniy G. Schwartz, Randall L. Thompson, 
William MoC, Tuttle, Arthur J. Vorwald and Samuel 
J. Weinberg. The 1933 fall meeting of the board will 
be held in September and applications to be con¬ 
sidered at that time should be filed with the Wash¬ 
ington o£9ce of the Medical Fellowship Board on or 
before August 1. 

An award of the Charles A. CoflSn Foundation was 
recently made to Dr. Sanford A. Moss, of the General 
Electric Company, not Dr. Charles A. Moss, as re¬ 
cently reported in Science. 

Professor Raymond L. Wilder, of the department 
of mathematics of the University of Michigan, has 
leave of absence during the next academic year to 
enable him to continue his special work for a year 
at the Institute for Advanced Study at Princeton. 

Dr, LbRot Abrams, professor of botany and di¬ 


rector of the Dudley Herbarium at Stanford Univer¬ 
sity, sailed recently from San Franciseo, He expects 
to study daring the summer in London, Paris and 
Geneva. 

Leave of absence for the next academic year has 
been granted by Princeton University to Professor 
Howard Crosby Warren, of the depaxtment of psy¬ 
chology, and to Professor Warner Fite, of the depart¬ 
ment of philosophy, and for the first term to Pro¬ 
fessor Raymond S. Dugan, of the department of 
astronomy. 

The Edgar Fahs Smith Memorial Lecture will be 
delivered at the University of Pennsylvania on the 
evening of May 8 at 8:15, by Dr. James B, Conant, 
professor of chemistry at Harvard University. The 
title of his lecture will be “A Study of Extremely 
Weak Acids and Bases.’’ 

The Faraday Lecture of the Chemical Society was 
delivered at the Royal Institution on March 29 by 
Professor Peter Debye, of the University of Leipzig. 
He took as his subject **The Relations between Stereo¬ 
chemistry and Physics.” 

Professor H. E. Armstrong will deliver the Hux¬ 
ley Memorial Lecture at the Imperial College of Sci¬ 
ence and Technology, South Kensington, on May 4. 
His subject will be ”Our Need to Honor Huxley’s 
Will.” 

On the occasion of the visit of Professor N. Bohr, 
of Copenhagen, to Pasadena for two weeks begin¬ 
ning on May 15, the stafi of the Norman Bridge Lab¬ 
oratory of Physics of the California Institute of 
Technology plans to conduct a symposium on the gen¬ 
eral subject of the physics of nuclei and high energy 
transformations. Professor Bohr will deliver four 
lectures on the foundations of atomic meehanics, and 
Professor E. 0. Lawrence, of the University of Cali¬ 
fornia, will speak on the artificial disintegration of 
nuclei. Other phases of recent work in this field will 
be discussed by various memberB of the stafE, includ¬ 
ing Professor P. S. Epstein, Professor C. C. Laurit- 
sen, Professor J. R. Oppenheimer, Dr. C. D. Ander¬ 
son, Dr. H. Y. Neher and Dr. R. M. Langer« It is 
planned to have lectures at 4:30 f. m. five days 
weekly. Professor Bohr probably will speak on 
Wednesdays and Fridays. A oordi^ invitation is 
extended to aU who may be interested to attend and 
to take port in the discussions. 

The North Dakota Chapter of Sigma Xi, Univer¬ 
sity of North Dakota, on March SO, had as their guest 
speaker Dr. Q. W. Stewart, of the University of Iowa, 
He delivered three addresses. In the forenoon has 
convocation topic was “Ordinary Made Extraordi-' 
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nazy^’; at the noon lundieon he made a plea for 
better teaching of college subjects, and at the dinner 
meetingi he discussed what civilization may expect 
from sdenoe in the future. 

The New England Association of Chemistry Teach¬ 
ers and the Eastern Association of Physics Teachers 
held a joint meeting on April 8 in the new Thompson 
Science Building of the Phillips Exeter Academy, 
Exeter, New Hampshire. This new building, the gift 
of the late Colonel William Boyce Thompson, of 
Yonkers, New York, and a graduate of the academy 
in the class of 1890, embodies the latest equipment 
and facilities for teaching chemistry and physics. 

The sixth annual scientiOo meeting, and twenty- 
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seventh annual South African Medical Congress, will 
be held in Capetown from September 25 to 30, under 
the presidency of Mr. E. Barnard Fuller. The wo^k 
of the congress will be divided among five sections as 
follows: medicine, surgery, gynecology and obstetrics, 
public health and special subjects (six subsections). 
At the three plenary sessions the topics for general 
discussion are: diet in relation to health in South 
Africa; prevention of maternal mortality in urban 
and rural areas in South Africa, and modioo-legal 
problems of general practise. An exhibition of 
specimens of medical interest from a historical point 
of view is being arranged in conjunction with the 
trades exhibition. 


DISCUSSION 


THE HIGH COST OF GERMAN MEDICAL AND 
SCIENTIFIC PERIODICALS 

The financial problem of literature in the scientific 
fields, especially those of medicine and the biological 
sciences, has for some time been a matter of concern 
to those interested in educational institutions and in 
providing facilities for investigators engaged in scien¬ 
tific work. Fortunately, in most countries this type 
of literature has not been extensively commercialized 
Wise editorial policies and economical management 
have prevented prices from becoming exorbitant. 
This has not, however, been equally true of all coun¬ 
tries, notably Germany, Much of the German scien¬ 
tific literature appears in periodicals which, while 
containing excellent work, are since the war published 
at absolutely prohibitive prices. The high prices of 
German periodicals have afieoted all scientific 
libraries, and especially medical libraries, since the 
increase in prices has been the largest in the field of 
medicine, biology and chemistry. The Medical 
Library Association has been concerned for some time 
over this situation, which has been growing progres¬ 
sively worse until the subscription rates for some of 
these journals have now reached $90.00 to $173.00 a 
year. 

Several interesting articles on this subject have 
.appeared. Dr. Raymond Pearl,^ of Johns Hopkins 
University, Mr. Charles H. Brown,® of Iowa State 
College library, Colonel Fielding H. Garrison,® of the 
Welch Medical Library, Mr. Alfred L. Robert and Mr. 
Hans Sohaltenbrand/ of the College of Physicians 

I Baymond Pearl, << Cost of Biologioal Books in 1028.*' 
Quarterly Meview af B^logu, 8 : 600-603, 1928. 

® Charles H. Brown, Hazard to Besearch,” Journal 
of M^her Bduoation, 2: 420-426, 1981. 

« raiding H. Garrison, ^^Dangers Beratting the litera¬ 
ture of Bemt Medieiue." Festschrift sar Feier des 60. 
eWh^tages Max Keubmmr, Wien, 1028. *‘The High 
UMt of Current Medieal Periodicals.” BuXtetin of the 
Zri&rorg Aeeoeidtion, ft. s., 20: 165-169, X982. 

*AlfiPed L. Bobert and Hans Bchaltrabrand, ”The 


and Surgeons in New York, Dr. Wilfrid Bonser,® 
Librarian of the University of Birmingham, England, 
and others® have made excellent studies regarding the 
cost of scientific periodicals, and the dangers inherent 
in some of the present policies. 

The Medical Library Association appointed a com¬ 
mittee, consisting of Colonel Fielding H. Garrison, 
Mr. Alfred L. Robert and Mrs. Eileen R. Cunningham, 
to investigate the high cost of German medical peri¬ 
odicals, and see what might be done to alJerviate this 
situation. This study has brought out several inter¬ 
esting facts. It is evident that in a large or medium¬ 
sized medieg. library in this country, two thirds or 
even more of the total annual appropriation for cur¬ 
rent poriodieals is expended on German periodicals, 
issued chiefiy by one or two firms, leaving less than 
one third of the funds available to be used for the 
scientific output of all other nations, including the 
United States and many of the more reasonably priced 
Gorman publications. This is obviously an absurd 
situation. Appeals to these German publishers have 
been met with promises to reduce the volume output, 
but so far prices have increased find nothing construc¬ 
tive has been accomplished. 

The fact that German scientific publications do not 
usually receive financial aid from foundations and 
scientific societies undoubtedly renders it more difficult 
for publication cost to be as low as in other countries, 
but there seems to be no justi^cation for prices which 
vary from five to eight, or more, times as much as 
those .of any other nation. It seems difficult to ex¬ 
plain these publishers* prices on a cost plus basis. 
No definite yearly subsoription price is annooneed; 

Comparative Cost of Medieal Journals.” Bulletin of the 
Memeal Library Aseooiation, 20: 149-165, 1982. 

•Wilfrid Bonser, ”The Cost of German Biological 
PabUoationa.” Library Aseooiation Beoord, n, s. 6: 
262-256, 1928. 

® ’'The Cost of German Medieal Journals.” Editorial, 
Canadian Medical Association Journal, 27: 63-64, 1932. 
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oue number o£ a journal may cost $5, while the next 
may cost $10, and yet only perhaps thirty to forty 
more pages are included, and the plates, curves and 
charts do not seem essentially different from those 
of the less expensive number. 

We are also convinced that if the editors and pub¬ 
lishers of these expensive journals would really co¬ 
operate in an earnest effort to bring down prices, 
something could be accomplished. The chief respon¬ 
sibility rests with the publishers, however, for in 
Germany they control the medical publications, em¬ 
ploy the editors and pay for the papers printed in the 
journals. Lately, m every commercial undertaking, 
prices have been scaled to meet changed economic 
conditions, and the publishing business should be no 
exception to this rule. 

These Gennan publishers have cautioned libraries 
against cancellation, as they say that a decrease in 
the number of subscriptions would lead to an increase 
of prices for the remaining subscribers. Many Ameri¬ 
can libraries are facing reduction of income, and 
every means possible is being considered whereby 
economies can be effected. Therefore, it is obviously 
impossible for many of them to continue subscriptions 
to these high priced journals. Many European li¬ 
braries and individual subscribers, even in Germany, 
have been forced to cancel their subscriptions, and 
unless there is evidence of a change in policy on the 
part of the German publishers, it will not be long 
before there will be wide-spread cancellation of these 
high-priced journals by American libraries, who are 
at present among the most extensive subscribers. If 
this is to be met by further increase in prices, still 
further cancellations will result, and a vicious cycle 
established which would certainly be unfortunate for 
all concerned. 

The Medical Library Association therefore decided 
to issue an appeal to the German scientific and medical 
societies and to editors of Gennan medical journals. 
The American College of Physicians joined the Medi¬ 
cal Library Association in this appeal, which was 
issued in January 1933.^ This letter summarized the 
situation and urged German scientists to use their 
influence and cooperation wherever possible to bring 
about a decrease in the cost of these journals before 
widc-spread cancellation had become inevitable. 

A few suggestions were made as to possibilities in 
accomplishing this objective; (1) Decrease in the size 
and number of the volumes, through briefer articles 
and careful editorial selection; (2) fixed annual sub¬ 
scription prices for the journals; (3) statements in 

T This letter was published in full in the BvZletvn of 
the Medical Library Association^ n. s., 21: 90-91, 1933. 
Beprints can be obtained by those interested on applica¬ 
tion to the Chairman of the Committee on Cost of Cur¬ 
rent Medical Periodicals. 


advance of the approximate number of volumes to 
appear each year. 

That the present situation is considered unfortunate 
by many Germans is indicated by several articles 
which have appeared lately in the German journals,**® 
showing that the subject is being given consideration 
there as well as elsewhere. 

The situation is a serious one, and those interested 
in medical education, scientists and investigators, espe¬ 
cially in the fields of medicine and the biological sci¬ 
ences, should use any influence they may have with 
German colleagues to urge their cooperation in re¬ 
ducing the prices of these scientific jounials. It is 
also of the utmost importance for such individuals to 
study the situation in regard to the particular library 
from which their reference material is drawn. 

In view of present economic conditions, it is likely 
that the next few years will sec the cancellation of 
large numbers of these exi)ensivc German journals, 
until they will be available only in the large cities, 
and in libraries with large endowments. This means 
that investigators working at a distance from sucli 
centers will be at a disadvantage as compared with 
other colleagues; but unless within the next fcAV 
months marked cooperation is shown on the part of 
the editors and publishers of these high-priced Ger¬ 
man journals, the unfortunate results outlined above 
will inevitably take place. 

That we, in this country, can continue indefinitely 
to expend 70 per cent, of our current periodical bud¬ 
gets for perhaps forty or fifty journals published by 
a few Gennan firms is extremely unlikely; especially 
when there are three to five hundred journals neces¬ 
sary for a good medical library, many of which cer¬ 
tainly contain material as valuable as that appearing 
in the journals which are so excessively high priced. 

Eileen R. Cunningham, 

Chairman^ Committee on Cost of Current 
Medical Periodicals, Medical Library 
Association 

Vandehbilt Univehsity 
School or Medicine 

IS LONGEVITY COMPATIBLE WITH 
OPTIMUM GROWTH? 

Modern nutrition is governed by the philosophy 
that a diet which produces optimum growth ip the 
young animal is the ideal. This carries with it the 
assumption that optimum growth means optimum 
health. When experimental findings are applied to 

»Georg Leyh, Address delivered before the Verelns 
Deutseber Bibliothekare und des Verbandes Deutscher 
VolksbibUcthekare in Jena am 18. u. 19. Mai 1032. 
Zentralhlatt fur Bibliothelcsweeen 49, Heft 8, 1032. 

• H. Morstatt, ^'tlber die Notwendigkelt, den Umfaag 
der wissensch^tlichen Verbffentlmungen eixuBOSoh- 
rlinken.'^ Die Naturwissenechafien, 19: 968, 1081. 
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maiif they usually imply the additional assumption 
that optimum growth leads also to long duration of 
life, commonly termed longevity. There is no doubt 
that the nutrition of animals that are to be slaught¬ 
ered for meat shortly after they mature should be con¬ 
sidered from the point of view of rapid growth, since 
that implies efficient feed conversion. On the other 
hand at the present time it is the general practise of 
those who are concerned with child nutrition to at¬ 
tempt to attain the maximum growth of the child 
Avithout regard to the possible interrelationship be¬ 
tween such growth and a short life span. The same 
philosophy dominates the practises of rearing dairy 
calves and horses to maturity as rapidly as possible 
although it is desirable that they have a long pro¬ 
ductive life span. 

In 1912 Slonaker^ reared three male rats upon an 
omnivorous diet. Their mean length of life was 1,222 
days, but it required 391 days for these rats to attain 
their maximum weight. A study of Slonaker’s growth 
data indicates that these rats really grew very slowly 
to maturity and that they did not grow rapidly and 
then merely fatten to a maximum weight as middle 
age approached. I have disregarded Slonaker^s data 
upon exercised rats, because there is nothing m the 
literature for comparison. 1 have not cited hig data 
upon the vegetarian groups because they died rela¬ 
tively young and need not be considered in a dis¬ 
cussion of longevity. 

In a report concerning the rat diet that has proved 
satisfactory as far as reproduction and growth in our 
colony is concerned, Maynard* showed most of the 
growth of the male rat takes place before the six¬ 
teenth week with a gradual weight increase until the 
twenty-eighth week. During the past four years we 
fed a group of seventy-five male rats upon this diet 
until they died. Their mean age at death was 
503 12 days. Only 1 of those rats lived for more 

than 900 days. 

Although Slonaker’s data are vezy limited they 
indicate that our rats upon the stock diet are dying 
in middle age. Our rats matured rapidly, those of 
Slonaker slowly. 

In our studies upon brook trout we have reported 
experiments twice in which trout that failed to grow 
lived much longer than those that grew upon similar 
diets.* This first called our attention to the possible 
relationship between the rate of growth and the span 
of life within a given species. A relationship be¬ 
tween rate of attaining maturity and life span be- 

ij. B. Slonaker, Leland Stanford Jr. Univ. Publica¬ 
tions (1912). 

sii. A. Maynard, Soiencx, Ixxi; 192. 1930. 

« J. W. Titoomb, et ol., Trans, Am, Fish, 8oo,, 58: 205. 
1928. 

4 0. M. MeOay, et ol., Trans, Am, Fish, 8oo,, 61: 56, 
1931. 


tween various species is frequently mentioned by early 
biologists, however Zabinski^ from his studies with 
insects has noted the possibility of prolonging life by 
retarding the growth rate. Osborne and Mendel* sug¬ 
gested the same possibility from their studies with 
rats. 

Miss Campbell^ found she could extend the mean 
length of life as well as the growth of rats slightly 
by increasing the milk in the diet. In the light of 
Slonaker’s data, these findings have only negative 
bearing upon the problem of longevity because even 
her group that lived the longer died in approximately 
middle life at a mean age of 664 days. All her many 
hundreds of rats died without any attaining the mean 
age of Slonaker’s three males and her value for mean 
age disregards early deaths. Therefore her data in¬ 
dicate nothing concerning the mterrelationship of 
growth and longevity. Her findings also confirm 
those of others that the female rat grows more slowly 
and outlives the male. 

We may then have diets that are entirely satisfac¬ 
tory for growth and reproduction and these same diets 
may be unsatisfactory for longevity. It is known 
from many experiments that we may have a slow 
growth rate and a short life span upon a deficient 
diet. No one has ever found it possible, however^ to 
have both rapid growth with early attainment of 
maturity, and longevity. It is possible that longevity 
and rapid growth are incompatible and that the best 
chance for abnormally long life span belongs to 
the animal that has grown slowly and attained a late 
maturity. 

C. M. McCay 

Cornell University 

SOLUBLE SESQUIOXIDES AND ORGANIC 
MATTER FROM ALKALI TREAT¬ 
MENTS ON SOILS 

Alkali treatments, equivalent to one ton per acre, 
on Appalachian upland podzol soils of Quebec have 
been studied in percolators in an attempt to break 
down the relatively large amount of organic matter 
and to decrease the acidity (pH about 5.0, “hme re¬ 
quirement^' 3 tons CaO per acre). The results found 
differ from those reported by Meyer^ based on the 
effects of calcium carbonate applied to Caddo silt 
loam of pH 4.8. Liming podzol soils has not pro¬ 
duced the largo increases in soluble iron and organic 
matter found in the case of the acid Louisiana soils. 
On the other hand, equivalent treatments with sodium 
hydroxide and sodium carbonate on these podzol soils 
give marked increase of soluble organic matter in 

4 J. ^ablnaki, Jour, Exp, Biol, vi: 360. 1929. 

« T. B. Osborne, et ol., ScfiENOE, xlv, 294. 1917. 

’’H. Louise Campbell, Thesis, Columbia Univ, (1928). 

» A. H. Meyer, “Iron Toxicity from Liming,” SotENOl, 
76: 56. 1982. 
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colloidal BUBpenaion in the soil solution. In addi¬ 
tion, iron and aluminum are found adsorbed by this 
organic material to the extent of about 40 p.p.m. and 
20 p.p.m. of the soil, respectively. These soils and 
soil solutions with this treatment remain acid between 
values of pH 6.1 and 6.7. 

Iron toxicity, due to increase in soluble iron after 
liming, has been claimed for the Louisiana soils, but 
the evidence that we possess indicates that the pres¬ 
ence of the soluble sesquioxides in small amounts after 
sodium alkali treatment does not inhibit production 
from these Quebec soils but permits positive increases. 

G. T. Shaw 
R. R. McKibbin 

Macdonald College 

THE ATTRACTION OF SPHERES 

It is appropriate that some warning should be given 
the inexperienced reader of Mr. Thaddeus Merriman's 
article m Science for April 14 (p. 371). ULs method 
of calculating the attraction of a homogeneous sphere 
upon a neighboring body involves assumptions incon¬ 
sistent with the generally accepted methods of the 
integral calculus, as well as with the Newtonian law 


of gravitation. Newton’s beautiful geometrioal proof 
that the net attraction of such a sphere is exactly the 
same as if all the mass was concentrated at its center 
is, of course, fully confirmed by the rigorous ana¬ 
lytical discussion which may be found in any standard 
treatise on mechanics, and so need not be reproduced 


here. 

Mr. Merriman’s proposed substitute law is incon¬ 
sistent not only with theory but with the fact. For 
a small sphere near the earth’s surface, it reduces to 
M, cos a 


F=*G 




when M is the earth’s mass, d its 


radius, and a the angle between a line drawn to the 
earth’s center and one tangent to a circle of radius 
0.424 times the earth’s. The factor cos a, which is 
omitted in Newton’s equation, has the value 0.911 
for a point on the earth’s surface. Without it the 
attraction at the surface is known to be in complete 
agreement with that inferred from the orbital motion 
of the moon. To introduce it destroys the agreement, 
which provided Newton with the first conclusive test 

of his theory. Henry Norris Russbill 


I*binceton 
April 21, 1933 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A TWO-FIELD STROBOSCOPE 

In stroboscopic observation of vibrating strings 
for measurement of frequency, no use seems to have 
been made of a two-field illumination. The two fields 
are contiguous and are alternately illuminated. The 
two-field method removes some ambiguities of the one- 
field method. But more important is the fact that a 
feeble resonance of the string to a tuning-fork or 
other source is more easily detected. 

For the laboratory, the simplest device is the type 
of Neon bulb built for a. c. lighting circuits and hav¬ 
ing semi-cylindrical electrodes. Such a bulb can be 
held behind a string in such a manner that half of 
each electrode is visible. The two electrodes light 
up in alternation, the flash frequency of either side 
being equal to the frequency of the current. 

For lecture demonstration, one can take a siren 
disk with an even number of holes. Alternate holes 
are half covered on the half nearest the center of 
the disk; the remaining holes arc half covered on 
the side next the edge of the disk. The disk is set 
as closely as possible to the string, with the center 
of the disk level with the string. When a hole is level 
with the string, a strong beam of light is made con¬ 
vergent by means of a condenser, and is arranged to 
just cover either type of hole. On the other side, an 
objective focusses the string on a screen. When the 
disk is rotated and the string made to vibrate, a 


two-field stroboscopic view of the string is obtained. 
(Many other methods may be used.) 

To understand the patterns seen, the procedure is 
to construct in advance the patterns to be expected. 
To do this, imagine a stroboscope disk with a single 
spot; rotate this at S revolutions per second, 8 being 
the string frequency; and illuminate the disk by F 
flashes per second. When the pattern has been 
worked out, project the spots of the pattern on a 
vertical line in the plane of the disk. Then repeat 
the process for a series of flashes beginning one half 
flash-period later. The projections of this second 
pattern gives the string pattern in the other field. The 
figure herewith illustrates the case when the flash 
frequency is 3/6 of the string frequency. Small 
circles give the first disk pattern, and orosses give 
the second. 



Figure illustrating the construetica of the two-field 
pattern for Pt= 8,8/5. 
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A few simple tulea may be given here. Assume that 
FaS.f/s. 

For the disk patterns: 

(1) Sf/s flashes per second produce a pattern of 
f spots, independently of the value of s. 

(2) If s is even, the crosses coincide with the 
circles. 

(3) If s is odd, the crosses alternate with the 
circles. 

For the two-field string patterns: 

(1) The number of lines seen in either field is equal 
to f; when two lines merge into one, that line must be 
counted twice. 

(2) If s is even, the two fields are identical, and 
ap|>ear as a single field. 

(3) If 8 is odd, the two fields are similar but not 
identical. 

It is rarely the case that f/s is a simple ratio. Then, 
as in Lissajou curves, one sees changing patterns. 
These can be worked out by shifting the initial posi¬ 
tion of the disk in the construction shown above. It 
is just this fact that makes the two-field method so 
convenient. Assume that a string has been tuned 
to the frequency F, for which we obtain just one 
line in either field. If the string starts to resonate to 
some source, one can usually observe two lines mov¬ 
ing in opposite directions. The writer has used a 
X 26 microsoope to observe such resonances. 

The changing patterns just mentioned can be 
worked out by a slow rotation of the disk patterns, as 
stated. From this it will be understood that a com¬ 
plete cycle of change means that the disk has moved 
by an angle equal to the angle between two spots of 
the same set. Or in the two-field patterns, we have 
made a complete cycle of changes when we return 
to some pattern in the same way. Then, if the pat¬ 
tern corresponds to a ratio f/s, and there are R com¬ 
plete-repetitions per second, 

F 8 ±R 
f B " fs 

Although, for simplicity, we have spoken of strings, 

SPECIAL 

ACCELERATED, EXPERIMENTAL POLIOMY¬ 
ELITIS IN NASALLY INSTILLED 
MONKEYS 

Iir a previous communication,^ attention was di¬ 
rected to the accelerating effect of a second virus in¬ 
jection, after an interval of from 7 to 10 days, in pro¬ 
voking experimental poliomyelitis in Macacus rhesus. 
The earlier report dealt with the phenomenon from 

Flexner, Accelerated Infection in Experimental 
PbUomyeUtii,’’ Scixnob, 1981; 74, 520. 


the two-field method is adaptable in many ways to 
the observation of other bodies, e.g., the writer used a 
Neon bulb in the selection of steel springs whioli were 
to vibrate at a frequency of 240. 

Paul F. Gaehr 

Wells College 

REGULATING THE AIR SUPPLY OF 
MICRO BURNERS 

Most of the micro burners obtainable from supply 
bouses have an inflexible and very often an inefQcient 
adjustment of the gas-air mixture. The usual prac¬ 
tise with laboratory workers has been to test a num¬ 
ber of burners and then select the best of the lot, 
without attempting adjustment. Obviously, this is an 
awkward and somewhat unsatisfactory solution of the 
problem. 

A method, almost as convenient as that used for 
the Bunsen burner, has been found for regulating the 
air supply of micro burners. The small burner is 
connected to the gas line and lit. While the flame 
is burning, twist with a pair of pliers the metal gas 
connection which projects from the base, loosening or 
tightening until the proper type of flame is obtained. 

Occasionally a burner will be found which requires 
further treatment. In these cases the gas connection 
is unscrewed and, using a small three-cornered file, 
two flat channels about 5 mm wide and 6 or 8 mm 
long are filed on each side of the tube. These shallow 
channels start from the middle of the tube and slant 
upward, meeting at the pin hole gas outlet on top. 
The connection is replaced frequently while filing and 
the gas-air mixture tested as described above, in order 
to prevent spoiling the burner by too much filing. If 
necessary, the small gas outlet can bo made larger 
by reaming with a pin. However, it is usually found 
that the opening is already too large. This can be 
remedied by filing the sides of the hole rather thin 
and then pressing the edges inward until the desired 
opening is obtained. 

CoBNELius A. Daly 

Medical Depaetment, Union University 
Albany Medical College 

ARTICLES 

the point of view of establishing human strains of 
virus in monkeys. Since that report was made, ad¬ 
ditional studies of the subject of accelerated infection 
have been undertaken. 

The first test, made by injecting the human vims 
intraeerebrally and intraperitoneally, were soon fol¬ 
lowed -by the injection of sub-infective doses of 
monkey vims intraeerebrally alone. The results 
showed that acceleration does not depend on the 
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presence of foreigrn (human) nervous tissues along 
with the virus, and probably is not simply a sum¬ 
mation effect of the two virus injections. 

The events following the second or accelerating in¬ 
jection of virus are characterized by an abrupt rise 
in temperature (105° to 106°+ F.) and the onset of 
paralysis, often rapid, which may progress quickly to 
prostration and death. The accelerating action has 
now been shown to apply also to monkeys receiving 
the virus by instillation into the nasal cavities. Since 
the natural infection in man takes place through these 
cavities, this observation may prove to have practical 
import. The virus, in suspension, is dropped into the 
nares on two successive days; and if infection does 
not manifest itself in from 7 to 10 days, the instilla¬ 
tions are repeated. After one or tw’o such instilla¬ 
tions, symptoms, consisting of fever and paralysis, 
may manifest themselves promptly, as in the instances 
of intracerebral inoculation. 

The sudden onset of severe symptoms following the 
second nasal instillations has suggested not only rela¬ 
tionship with the phenomenon in children described 
by Draper^ under the term ^'dromedary” type of 
polioinyohtis, but has also supplied a possible expla¬ 
nation of its nature. According to this provisional 
explanation, the dromedaryeffect is a result of re¬ 
infection, arising either from the patient himself 
(autochthonous infection) or from a new exposure to 
the virus. 

The path of the virus introduced into the nares— 
ascending by way of olfactory nerve cells in the 
mucous membrane to the olfactory lobes of the brain, 
and then to other parts of the nervous system in regu¬ 
lar sequence—has become more firmly established as 
the experimental study of poliomyelitis has pro¬ 
gressed.® The part taken by the meningeal choroid 
plexus complex in the extension of the virus has been 
little studied.* Upon examining, on successive days, 
the cerebrospinal fluid withdrawn by lumbar punc¬ 
ture after the first and second sets of nasal instilla¬ 
tions of virus, it was found that the number of 
mononuclear cells in the fluid increases considerably, 
even before the appearance of any symptoms of in¬ 
fection, except sometimes fever (105° F.), and that the 
occurrence of fever, increased cells and the presence 
of globulin in the fluid may be the only detectable 

2 G. Draper, * * Acute Poliomyelitis, *' p. 40. P. Blakis- 
ton Son and Co., Philadelphia, 1917. 

2 i. FJexner and P. F. Clark, * * A Note on the Mode of 
Infection in Epidemic Poliomyelitis," Proo, Soo, Exper. 
Bwl and Med,, 10: 1, 1912. 

< 8, Plexner and H. L. A moss, * * The Belation of the 
Meninges and Choroid Plexus to Poliomyelitic Infec¬ 
tion," Jour, Exper, Med,, 25: 525, 1917. 

‘ ^ Mechanisms that Defend the Body from Poliomyelitic 
Infection, (a) External or Extra-nervous, (b) Internal 
or Nervous," Froc, Nat, Acad, Sciencee, 3: 416, 1917. 


pathological effects of the instillations. However, the 
second instillations are succeeded, but not invariably, 
by a further rise in cells and by the appearance of 
paralysis, which may extend rapidly, leading to death; 
or the paralysis may be partial, become arrested and 
terminate in recovery. It remains to be determined 
whether monkeys which develop the cerebrospinal fluid 
changes only, exhibit later a heightened resistance 
(immunity) to the virus injected mtracerebrally, and 
whether the blood serum has acquired antiviral prop¬ 
erties. The occurrence of these mild effects from the 
instillations may profitably bo compared to the altera¬ 
tions in the cerebrospinal fluid observed during epi¬ 
demics of poliomyelitis in certain children who de¬ 
velop no detectable paralytic symptoms whatever. 

The acceleration procedure has been employed ad¬ 
vantageously in still other ways: (1) To determine 
the neutralizing action of blood sera in respect to 
strains of virus differing qualitatively and quantita¬ 
tively from one another; and (2) to throw light on 
the degree and duration of active immumty in mon¬ 
keys that have recovered from an acute attack of 
experimental poliomyelitis, or have been rendered im¬ 
mune by the intradermaJ injection of virus. In the 
first instance, intracerebral, and in the second, intra¬ 
nasal inoculation is performed. A greater degree of 
regularity and accuracy has been introduced into these 
difficult tests by the use of the acceleration method in 
the experimental study of poliomyelitis. 

Simon Flexner 

Laboratories, The Rockefeller Institute 
FOR Mfj>ical Reskaboh, New York 
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THE SIGNIFICANCE OF PROFESSOR THOMSON’S 
WORK IN THE DEVELOPMENT OF ELEC¬ 
TRICAL ENGINEERING’ 

By Dr. KARL T. COMPTON 

PRESIDENT OF THE MASBACUUSETTB INSTITUTE OF TECHNOLOGY 


Any one with the misapprehension that engineering 
practise oonsistB in following a set of fixed formulas, 
rulee and speoifieations will do well to consider that 
electrical engineering and the art of useful applica¬ 
tion of etectricity has developed almost entirely dur¬ 
ing the lifetime of Professor Elihu Thomson. The 
basic seientific discoveries of electromagnetic induc¬ 
tion by Faraday and Henry had been made during the 
decade just preceding his birth, as had the first crude 
form of telegraph. But generators, motors, trans¬ 
formers, transmission lines, electric metexs and regu¬ 
lators, electric lights, telephones, x-rays, electric dis¬ 
charges through high or partial vacuum, lightning 
protectors, converters, rectifiers, electrical insulators, 
wireless, radio and all the theory and practise of elec¬ 
trical net^orics are the product of science and in- 

1 I Address givea on the oeeaaioii of the etohtleth birth- 
of l^fossor Bihu Thomson at the Massachusetts 
JmmA of Torimelogr. htareh $9,19B1 


vention since Thomson’s birth on March 29, 1853. 
These things, and the economic problems associated 
with them, constitute the field of electrical engineering. 
Some of them Professor Thomson has himself in¬ 
vented, a majority of them owe much of their devel¬ 
opment to him, and there is scarcely a one on which 
he has not left his imprint in one way or another. Yet 
I suspect that he himself would be the first to main¬ 
tain that we are as yet only^t the threshold of the 
possibilitieB which are inherent in electricity for the 
services of man, and that no one would more stoutly 
advocate the continued endeavor to discover these 
possibilities and make them effective. 

Qranted this, it must nevertheless have been a par- 
thrilling experience to be connected with the 
early engineering and industrial developments of 
electricity, to the early ISSO’s, when it first became 
evident that in electricity lay a mighty force whose 
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potentialities were as yet but dimly ima^ued, yet 
which opened up in new directions, week by week, to 
the eager and talented young men, Edison, Thomson, 
Rice, Brush, Edgar, and the others. 

Inspired by the possibilities which he had come to 
realize while experimenting with electricity as pro¬ 
fessor in the Boys’ Central High School of Phila¬ 
delphia, Professor Thomson and his colleague, Pro¬ 
fessor Houston, formed the Thomson-Houston Com¬ 
pany in 1882, at the age of 29. With the able as¬ 
sistance of his pupil, Edwin W. Rice, he then began 
his long career of industrial and scientific research 
and its commercial development. 

Perhaps Professor Thomson’s first great contribu¬ 
tion to electrical engineering was his invention in 
about 1879 of the three-coil dynamo with its auto¬ 
matic regulator and other features, which formed the 
basis of the first successful electric lighting system. 
This was put out by the Thomson-Houston Company 
in the early ISSO’s, and quickly found its place not 
only in this country but also in the leading countries 
of Europe. The machine was entirely automatic in 
its operation and so adjusted that it could maintain 
constant regulation in a system of many electric ares, 
no dillcrenco how many of these arcs might be turned 
off or on. The need for such a regulator and its 
general nature were suggested to him by his earliest 
serious electrical studies, which were on the relation 
between the current and voltage in an electno arc, 
and wliich led him to the dascovery that as the current 
increases the voltage falls—relation which accounted 
for the instability of an arc, and pointed out charac¬ 
teristics which an are dynamo should have. 

It is interesting to note that this three-coil dynamo 
was a direct-current machine provided with a com¬ 
mutator, since in those days direct currents were more 
readily handled than were alternating currents and 
had certain advantages for arc-lighting purposes. 
However, exactly the same machine, simply with dif¬ 
ferent connections, constitutes the three-phase gen¬ 
erator which is so important in present-day electric 
power and was so represented by Professor Thomson 
in his original patent application. This is one of 
many cases in which Professor Thomson’s ideas were 
years in advance of the world’s readiness for their 
acceptance and utilization. 

About two years later (1883) there was another 
great invention, that of a magnetically operated light¬ 
ning arrester. Although this was designed for the 
particular purpose of protecting his arc-light systems 
from lightning, it was the invention of a fundamental 
method of breaking electric circuits, which has found 
very numerous applications, one of the most im¬ 
portant of which was by Professor Thomson himself 
in the control of electric cars and trains. 


The fundamental idea of this was again based upon 
an accurate knowledge and study of scientiffo phe¬ 
nomena involved in the discharge of electricity 
through gases. A transmission line, of course, has to 
be insulated from the earth by insulators adequate to 
prevent spark-over at the voltages used. If, however, 
the line is struck by lightning or an abnormally large 
electric surge passes through it, a spark may pass 
around the insulation, and it is a peculiarity of sparks 
through air that when once the insulation of the air is 
broken down by a spark there is literally no limit to 
the amount of current which can flow. Thus these 
sparks frequently cause serious short circuits. 

Professor Thomson’s discovery consisted in placing 
the insulator between the poles of a magnet, with the 
result that the spark or arc which might be produced 
was acted on by electrical forces in such a way as to 
elongate it in the form of a bow which became more 
and more extended until it Anally became so long that 
it went out. This principle is of just as great im¬ 
portance to-day as ever, and is the foundation of 
many recently improved schemes for the switching of 
very large currents. 

Again in those very early days and long before the 
importance of it was realized, Thomson invented the 
now universally used method of transmitting electric 
power, stepping it down from a high tension with the 
aid of a local transformer for consumption. This 
was set up as a working model at the Franklin In¬ 
stitute in Philadelphia in 1879, a patent was applied 
for in 1885, and after an unusually strenuous history 
in the patent office, the fundamental patent for 
multiple-arc distribution systems with transformers 
was granted in 1902. During this same time and as 
an additional safety device for high voltage opera¬ 
tion, Thomson patented the procedure of earthing 
the secondary coil of the transformer, a practise 
which has now become universal. In passing, I 
should note hero, as an illustration of a notable 
characteristic of Professor Thomson, that this patent 
on his advice was dedicated by the General Electric 
Company to the public from a feeling that no patent 
or invention which has to do with public safety should 
in any way be restricted or made unavailable to the 
people. 

In the further development of alternating-current 
machinery, he invented the constant-carrent trans¬ 
former and the inductive regulator in which a movjible 
secondary or primary coil (sould be adjusted auto¬ 
matically to give constant-current output. Again in 
the direction of increasing the power caparity of 
transformers, in 1887-89 he first proposed the use of 
oil for cooling and for insulation purposes in trans¬ 
formers, and furthermore called attention to the 
great and deleterious effect of moisture in the oil, 
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an effect whose full signifloance students of insula¬ 
tors are only now beginning adequately to realize. 

I pass now to two of the most important and char¬ 
acteristic of Professor Thomson's discoveries. The 
first of these is that process of electrical welding 
whereby the welded surfaces were fused and united 
by the heat developed on account of the resistance 
in the contact between them. This method of welding 
has come into enormous use in industry and the indi¬ 
cations are that it will be even more used in the near 
future. As examples in widely different fields may 
be mentioned the welding of seamless metal tubing, 
the attachment of filaments and other electrodes in 
incandescent lamps and vacuum tubes, and the fasten¬ 
ing together of most of the parts of the new Ford 
automobile. In the former of these applications, it 
may be interesting to know that a single manufac¬ 
turer has manufactured in a single year enough bed¬ 
stead tubing to reach around the earth. 

Professor Thomson was not the first to utilize an 
arc in welding. The Demeritens patent, which was 
fundamental, was bought on advice of Professor 
Thomson by the Thomson Electric Welding Company 
in the early days, and, had arc welding developed 
within the life of the patent, that company would 
have controlled the arc as well as the electric resistance 
welding art. 

Again, one of Professor Thomson’s most fundamen¬ 
tal discoveries was the principle of dynamical repul¬ 
sion between a primary and secondary coil. This can 
be demonstrated by a variety of interesting lecture 
experiments, most of which were suggested and shown 
first by Professor Thomson himself. For example, a 
vertical iron core was wound with a coil through 
which an alternating current could be passed. The 
core projected above the coil into a jar of water. 
Fitting loosely around the core was a second small 
coil, free to slip up and down the core in the water, 
and supporting by its terminals an incandescent lamp. 
When an alternating current was sent through the 
primary coil, a current was induced in the movable 
secondary coil which lighted the lamp and at the same 
time raised the coil, against the force of gravity, high 
up in the jar of water. This scientific obser\'ation was 
developed by Professor Thomson into an alternating 
current repulsion motor which is nothing more nor 
lees than our ordinary induction motor, which is in 
almost universal use for small single-phase motors. 

In connection with this discovery you will he inter¬ 
ested in the following quotation from the Electrical 
World of May 28, 1887, commenting upon this work. 

It ia, as yet, too early to assign to its proper place 
and limit the part which the alternating current will take 
in the electric arts. It has started on its career with 


most rapid strides, and it now only remains to devise 
means for its accurate measurement, regulation and dis¬ 
tribution. Certain it is that Professor Thomson’s bril¬ 
liant paper can not fail to act as a powerful stimulus 
to those whose attention is now absorbed in the direction 
indicated, and the fruits of which will soon bo noted. 
We hope that at a later meeting of the Institute Profes¬ 
sor Thomson will give to the world his practical results, 
which he has only hinted at in the present paper. 

Professor Thomson was then 34 years of age. 
These practical results are now seen, for example, in 
probably a million induction motors in daily use. 

During the years 1885-1895 Professor Thomson 
was busily engaged with the development of electric 
meters, especially recording watt meters, of which 
more than 4,000,000 are now in operation, and for 
this invention Professor Thomson was awarded the 
Paris Meter Prize of 1890 at a competition held after 
the exposition of 1889. 

As early as 1890 and continued intensively for half 
a dozen years thereafter were a series of brilliant 
experiments on high-frequency alternating currents, 
paving the way for many of the developments in wire¬ 
less and other high-frequency applications which are 
being so actively applied at the present time. He 
constructed the first high-frequency dynamo, opera! 
ing at frequencies of 30 to 40 times as great as any 
previously designed, and in connection with ex|>eri- 
ments with this type of electric power, he designed 
also tile fii^' special high-frequency transformers. 
While working in this field, he discovered a methohl 
of producing still higher frequency alteniating cur¬ 
rent from a direct-current arc, by shunting the arc 
with inductance and capacitance, thus discovering the 
method which played such an important rOle in wire¬ 
less transmission up until its virtual replacement by 
electronic tube devices only within the past few years. 
This interesting method of producing alternating cur¬ 
rents was actually applied to wireless telegraphy by 
Poulsen, and is therefore generally known as the 
Poulsen arc. Also in connection with these high- 
frequency investigations, he made the important dis¬ 
covery that the insulating power of oils at these high 
frequencies is very much greater than at the ordinary 
low commercial frequencies, if this insulating power 
is measured in terms of the patii at which a spark 
will pass. Just one other item con be mentioned in 
connection with his high-frequency work, namely, the 
fact that he discovered and was the first to use the 
method of tuning electric circuits, which is, of course, 
absolutely fundamental to modem electrical communi¬ 
cation systems. This was done very early in his 
career while he was still a professor at Boys* Central 
High School in Philadelphia, and was done in con¬ 
nection with experiments on wireless signaling which 
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antedate the famous experiments of Hertz hy about a 
dozen years, and, os far as I have been able to ascer¬ 
tain, constitute the first experiments on the propaga* 
tioji of electric waves and wireless signaling, with the 
sole exception of some experiments conducted still a 
dozen years previous to his by Joseph Henry in 
Princeton. These earlier experiments of Henryks 
were apparently never published. 

Immediately upon the announcement of the discov¬ 
ery of Rbntgen rays, Professor Thomson began a 
series of interesting experiments and valuable develop¬ 
ments in connection with the x-ray art. The founda¬ 
tion for this work had been laid by previous experi¬ 
ments on electric discharge through gases at low 
pressures, and led to the first application of stereo¬ 
scopic methods in Rontgenology only one year after 
the publication of the Rontgen rays themselves had 
been announced, and led also to various practical im¬ 
provements in the design of x-ray tubes, as, for 
example, the double-focus x-ray tube and a cooled- 
target tube within less than a year after the discovery 
of Rontgen rays. In connection with these experi¬ 
ments Professor Thomson also took a lively interest 
in the physiological effects of x-rays, including x-ray 
bums, and in the laws governing diffusion of x-ray 
matter, subjects which have been developed on the 
one hand to exceedingly important applications in 
medical therapy, and on the other hand to give some 
of the most intimate knowledge which we possess of 
the internal oonstitution of matter, such as the ar¬ 
rangement of atoms in crystals and molecules, and 
the arrangement of electrons in atoms. 

Things like these, and many more of them, consti¬ 
tute the tangible contributions of Professor Thomson 
to electrical engineering. His intangible contributions 


are less easy to talk about, but are none the less real 
and important. I can not close without mentioning a 
few of them. 

Still quite tangible are his services to engineering 
education. From his earliest work as a teacher of 
science in the Boys' High School of Philadelphia, to 
his many years of service to the Massachusetts Insti¬ 
tute of Technology as member of its corporation and 
executive committee, its acting president during a 
critical period, a frequent member of the visiting 
committee of its department of electrical engineering 
and non-resident professor in that department, he has 
been a continual inspiration and source of help to 
students and colleagues. 

Rather less tangible is his influence in the many 
professoinal engineering and scientific bodies of which 
he is a member. Not only have his scholarly contri¬ 
butions been many and important, but he has con¬ 
sistently been an ideal connecting link between the 
practical and the theoretical, the commercial and the 
academic, by his example keeping them from being 
too narrow and maintaining a generous spirit of 
mutual appreciation and cooperation. 

Still less tangible, but perhaps most important of 
all have been his inspiration to his thousands of busi¬ 
ness and research colleagues, his example of enthusi¬ 
asm, perseverance, ingenuity, unselfish nces, love of 
truth, generosity and broadmindedness. 

As I have come to know it, the electrical engineer¬ 
ing profession is on a remarkably high plane, both 
technically and also in general attitude. I believe its 
debt to men like Professor Thomson for making it a 
good profession in which to work is at least as im¬ 
portant as its debt to him for so much of its basic 
technical development. 


IN HONOR OF PROFESSOR ELIHU THOMSON' 

By Dr. VANNEVAR BUSH 

DEAN or ENGINEERING AND VIOE-PRESIDENT OF TOt MASSACHUSETTS INSTITUTE OT TBOHNOLOOT 


There are many titles which I might use in present¬ 
ing to you these greetings on the occasion of your 
birthday; but I feel sure that that of “Professor” is 
most welcome to you. It emphasizoa an aspect of 
your accomplishments which I know is close to your 
heart. Great material changes have followed upon 
your scientific and engineering accomplishments, and 
these are visible to all of us in our daily lives. More 
subtle but none the less lasting is the influence of your 
many contacts with academic affairs. Tou have 
touched and moulded many institutions whiish are 

1 Address given at the dinner to mark the eightieth 
birthday of Professor ElUm Thomson, March 20, 1033. 


dedicated to the education of youth, and 1 bring you 
the felicitations of your colleagues everywhere. 

Sixty-three years ago you were a professor in Phila-^ 
delphia. We take great pride that you are still, and 
we hope will long be, professor of applied electricity 
at the Massachusetts Institute of Technology. Through 
these years your interest in ooll^riate affairs has been 
continuous. 1 need recite but a few instances* In 
1890, just as I was born, and when you tihirtyr 
seven, Tale recognized yon as a master of arts^ Tttfts 
has the distinction of having conferred upon yon yonr 
first doctorate, that of philosophy. Harvard 
you doctor of science, and tise Hniyersit^ of 
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vuda, dootor of laws. Victoria University reached 
aon^hs the ocean to confer the degree of doctor of 
seienoe. 

Your contacts with educational institutions have 
been much more than occasional, however. They were 
bound to be, for your interest in their affairs has al> 
ways been constructive. I find you, very early, or¬ 
ganizing a scientific society, lecturing to audiences in 
an artisan’s night school, at the Franklin Institute, 
and at many other places. And in later years, you 
have served on the visiting committees of this institu¬ 
tion and of several departments of Harvard Univer¬ 
sity. 

Your contacts with the Massaohusetts Institute of 
Technology have been particularly close. It was a 
fortunate thing for us when your acquaintance with 
Professor Cross brought you to lecture here fifty years 
ago on electrical machinery. Since that time we have 
always felt your presence. For thirty-five years a 
member of the corporation, and for twenty years on 
its executive committee, you have guided our steps. 
One of the most helpful things you have ever done for 
us was when you were highly instrumental in bringing 
to the institute the president we all so deeply honor, 
Dr. Maclaurin. Another act, a small one this time, 
but one that reminds me of you every time I look out 
of my window, was when you classified for him the 
names that appear graven on our buildings. And 
finally, when he died, you became for two years our 
acting president and gave of your time and effort to 
steady us on our feet as we staggered from that blow. 
And now you are still "Professor” and our colleague. 

There has long been, on the part of the layman, an 
inclination to associate the title "professor” with the 
pedantic and the cloistered. To fully earn the title it 
is sometimes popularly supposed that one must culti¬ 
vate an intense absent-mindedness and a lack of 
knowledge of the every-day affairs of the world. You 
have certainly done much to dissipate this idea, and 
your colleagues rise and call you blessed. That there 
exist professor^ who can put up a window-shade while 
conversing in otdinary language, or who can set the 
timing of an automobile as a form of recreation, is a 
fact of the modem world which is still incredible to 
the laity. That there is one who has hundreds of 
patents to his name for all sorts of things which very 
practical men have been very glad to use has given 
the title a significance which is well added to its dig¬ 
nity. I hope that every fanner who uses a cream 
separator will realize that it was invented by a pro- 
fiea^oT, for it will do much to counter that persistent 
jCallacy that those who think deeply are necessarily 
beiiigs apart. 

world progresses only so fast as it learns to 
pglK pn ite accomptishments from one generation to 


the next. The material things, those that are of direct 
utility, machines and structures, can hardly be passed 
on at all to-day, for obsolescence is much more rapid 
than deterioration. The written word, the recorded 
science of yesterday, is here to-day, and we may delve 
and explore for the thoughts of the pioneer in order 
that the gains made by those who blaze the path may 
not be lost to those who follow. But there is a means 
of transfer of accomplishment which transcends either 
of these, just as the speed of thought is greater than 
the working of tools or the reading of words. It is 
the direct contact between the alert mind of youth 
and the seasoned and inspiring mind of experience. 
This is education in its essence. All the paraphernalia 
of the college, the faculties and curricula, the tall 
towers and the basement laboratories, have but one 
purpose, \o bring together in an atmosphere of prog¬ 
ress the youth and his teacher, and to make it possible 
for them to work. 

It is not by chance that you, who have been scien¬ 
tist, inventor, organizer, engineer, man of business, 
have been for sixty-odd years professor. It is because 
that profession holds for you, as it does for us your 
colleagues, the key to an accomplishment that is more 
truly satisfying even than the pushing back of t^e 
boundaries of science or the application of the fruits 
thereof to the material benefit of man. There must 
have been a glorious feeling of triumph when you first 
watched an felectrio arc stream out and attenuate in a 
magnetic field. The satisfaction of electrically mak¬ 
ing one piece of metal where there were two before 
was intensified by the realization of what the process 
would mean in the comforts of life to all. But I ven¬ 
ture the thought that these were not as stimulating or 
as lasting as the satisfaction which was yours when 
you first caught in the eyes of a youngster that gleam 
of fire which told you that a spark of your own wis¬ 
dom had transferred to another mind. The joy of 
teaching is deep seated in our primary instincts, and 
there is an immortality more specific than fame. 

You have taught us many things of less tangible 
nature than how to make a transformer yield constant 
current. You have showed us that a man may be 
truly a professor and at the same time very practical. 
And one thing more which I viish to emphasize. You 
have shown us that a scientist or engineer may be, 
even' in this complex modern world, versatile and yet 
not superficial. I recall that you were first a professor 
of chemistry and of mechanics, and you are now pro¬ 
fessor of applied electricity, and you have been or¬ 
ganize, inventor, man of business, engineer, astrono¬ 
mer, executive, philosopher. In these days, when 
there is a tendency to specialize so closely, it is well 
for us to be reminded that the possibilities of being 
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at once broad and deep did not pass with Leonardo 
da Vinci or even with Benjamin Franklin. Men of 
our profession—we teachers—are bound to be im¬ 
pressed with the tendency of youths of strikingly 
capable minds to become interested in one small corner 
of science and uninterested in the rest of the world. 
We can pass by those who, through mental laziness, 
prefer to be superficially and casually interested in 
everything. But it is unfortunate when a brilliant 
and creative mind insists upon living in a modern 
monastic cell. We feel the results of this tendency 
keenly, as we find men of affairs wholly untouched by 
the culture of modern science, and scientists without 
the leavening of the humanities. One most unfortu¬ 
nate product is the type of engineer who does not 
realize that, in order to apply the fruits of science for 
the benefit of mankind, he must not only grasp the 
principles of science, but must also know the needs 
and aspirations, the possibilities and the frailties, of 
those whom he would serve. There are students who 
may realize this fallacy only when it is too late. To 
those we would say: There is one of your professors 
to whom wp would call your attention. He exempli¬ 
fies that combination of breadth with a definiteness of 


grasp of the affairs of this world to which we may 
humbly aspire. He has made significant advances in 
many diverse branches of engineering, represented by 
many inventions relating to such things as the unifiow 
steam engine, the lightning arrester, the cream sep¬ 
arator, the electric meter, the resistance welder, 
x-rays, the automobile muffler, the use of helium in 
diving, the heat treatment of steels and various chem¬ 
ical processes. He has written of such matters as the 
nature of comets, the light of the firefly and the 
aurora. He has organized and guided business and 
one of the great electrical companies of the world 
bore his name. He has many, many friends. May 
some of you follow in his distinguished footsteps that 
the world may be brighter and more replete with tlie 
opportunity which comes with material advance! 
May you make many friends, as he has, that tho.se 
who inherit these benefits may know and understand 
each other better. May you grasp his kindly philoso¬ 
phy, that you may be happy us you create.” 

I bring you, sir, not only the salutations of your 
colleagues, but also their heartfelt gratitude that you 
have dignified and enriched the title of professor, and 
that we may hail you as friend and colleague. 


SCIENTIFIC EVENTS 


INDUSTRIAL RESEARCH LABORATORIES 

Wk learn from Science Service that while over 66 
per cent, of the research laboratories serving Amer¬ 
icans industnoH have either maintained their staffs of 
investigators at the same level or actually increased 
their workers,‘there has been a decrease of over 12,000 
in the staffs of other industrial laboratones in the 
past three years. However, at least 90 per cent, of 
tfie coiK-erns reporting have maintained at least a skel¬ 
eton researc'h organization. This is shown in a survey 
just C(>m]>leted by Dr. C. J. West and Miss Gallic 
Hull, of the Ftesearch Information Service of the Na¬ 
tional Heseareh Council. 

This year 1,407 laboratories reported 21,464 scien¬ 
tists on tlu'ir staffs, while in 1930 there were 33,596 
scientists on the staffs of 1,420 laboratories. This is 
taken to mean tliat at least 10,000 highly trained in¬ 
dustrial research scientists are not engaged in scien¬ 
tific research due to the economic depression. The 
potential value of the lost services of these scientists 
must run into millions of dollars annually. Some of 
these scientifically trained workers have been trans¬ 
ferred to plant and sales jobs, it is believed. 

The 500 laboratories that reported decreases in staff 
employed 23,783 in 1930 and now have at work only 
9,686. The 628 laboratories that reported no change 
employ 6,268 investigators. Iti 186 laboratories the 


staffs were increased from 3,768 in 1930 to 6,338 in 
1933. The number of lalioratories disooatintled dur¬ 
ing the three-year period between the National Re¬ 
search Council surveys numbered 106 and they em¬ 
ployed 776 scientists in 1930. In the course of the 
survey 163 laboratories now employing 1,172 scien¬ 
tists were included in the survey for the first time. 
Some of these may be new laboratories, but most are 
small research organizations that were not discovered 
in the course of the 1930 survey. 

THE FIELD MUSEUM OF NATURAL 
HISTORY 

The annual report of the director of Field Museum 
of Natural History to the board of trustees, a book 
of 141 pages with nine photogravure illustrations, has 
been published by the Field Museum Press. In this 
book Director Stephen C. Simms outlines the activi¬ 
ties of the museum during the year 1932. 

The fact is emphasized that the museum has been 
able to continue its full service to the public, and has 
even extended its educational influence to a greater 
number of persons (attendance in 1932 having been 
1,824,202) than in any previous year, despite having, 
like other endowed institutions, suffered a heavy de¬ 
cline in revenue. With income in 1932 $267,000 less 
than that in 1931, the museum reduced its expenses 



Mat 5, 1088 


SCIENCE 


421 


by $273,000 through calling expeditions home, making 
payroll adjustments, and putting economies in force 
throughout the institution. 

Among contributions to the museum during the year 
were the following: from Marshall Field, a trustee of 
the museum, $96,000; from Stanley Field, president 
of the museum, $35,788; from Mrs. E. Marshall Field, 
$50,000; from Mrs. Charles H. Schweppe, $18,000; 
from Mrs. James Nelson Raymond, $3,000; from 
Frederick H. Rawson, $3,000; from the Americun 
Friends of China, Chicago, $1,075; and various sinns 
from Leon Mandel II, Fred Mandel, Jr., William 3. 
Chalmers and Arthur M. Barnhart. 

The report gives a full account of the work of the 
various scientific departments; the educational activi¬ 
ties of the James Nelson and Anna Louise Raymond 
Foundation and the N. W. Harris Public School Ex¬ 
tension, which are units of the museum organization 
for cooperative work with the schools of Chicago; a 
r^um^ of new exhibits; of gifts of material received 
for the colltHjtions, lists of the several thousand mem¬ 
bers of the museum, and other data on the institu¬ 
tion’s activities. 

CENTENARY OF THE BRITISH ENTOMO¬ 
LOGICAL SOCIETY 

The Entomological Society of London celebrated 
the centenary of its foundation at meetings held on 
May 3 and 4 in the rooms of J. G. Children, of the 
British Museum. According to the London 
the society received a Royal Charter in 1885, and the 
King became patron of the society in 1914. 

On May 3 a general meeting of the society was held 
in the rooms of the Royal Geographical Society, Ken¬ 
sington Gore, at which delegates from other learned 
bodies at home and abroad were received and pre¬ 
sented addresses. A scientific conversazione was held 
in the evening in the house at 41, Queen’s Gate, which 
the Entomological Society now shares with the Im 
perial Institute of Entomology, and fellows brought 
with them exhibits. 

The following day an afternoon conversazione took 
place for the delegates at the British Museum (Nat¬ 
ural History), and an evening reception at Lancaster 
House was given by the Government, the guests being 
received by Major Walter Elliot, minister of agricul¬ 
ture. The delegates from abroad were invited to 
spend the two following days visiting collections and 
entomological laboratories in the country, including in 
their tour Whipsnade and Lord Rothschild's collection 
at Tring. 

Professor E. B. Poulton, who was president in 
1903*04 and in 1925*26, has been elected president 
for the centenary year, while the vice-presidents are 


Dr. H. Eltringham, Dr. K. Jordan and Mr. R. W. 
Lloyd. Dr, S. A. Neave, assistant director of the Im¬ 
perial Institute of Entomology, is the honorary’ secre¬ 
tary. In addition to fellows of the society (now num¬ 
bering nearly 700) delegates from about 140 learned 
institutions, universities and museums at home and 
abroad accepted invitations to be present. 

Minute-books in the possession of the society show 
that an almost continuous history links the present 
Entomological Society of liondon with predecessors 
as far back as 1745, when the Aurelian Society held 
meetings at the Swan Tavern, ’Change Alley. The 
present Entomological Society of London occupied 
rooms in turn at 17, Old Bond Street, at 12, Bedford 
Row, and as tenants of the Medical Society of Ijon- 
don at ]1, Chandos Street. The move to 41, Queen’s 
Gate, took place in 1920, and a meeting-room of great 
beauty, with panelling and decoration copied from 
the Bromley Room in the Victoria and Albert Mu¬ 
seum, was subsequently constructed througli the gen¬ 
erosity of Mr. R. W. Lloyd and oiiened in May, 1930, 
by Dr. Addison. 

AWARD OF THE LOUBAT PRIZES 

Award of the Loubat prize of $1,000 to Dr. Charles 
0. Paullin, of Washington, D. C., and Dr. John Kirt- 
land Wright, of New York, author and editor, rc- 
.spectively, of the Atlas of the Historical Geography 
of the United States,” has been announced, The 
second prize of $400 was awarded to Professor Walter 
Prescott Webb, of the University of Texas, for ‘The 
Great Plains.” 

The Loubat prizes, instituted in 1893 by a grant of 
Joseph Florimond, Due de Loubat, are conferred at 
the end of every succeeding five-year period for “the 
best work printed and published in the English lan¬ 
guage on the history, geography, ethnology, philology 
or numismatics of North America.” 

The work of Dr. Paullin and Dr. Wright, issued 
jointly by the Carnegie Institution and the National 
Geographic Society in 1932, is described by the 
Jury of Award as “the first major liistorical atlas of 
the United States and probably the most compre¬ 
hensive study of its kind that has yet been published 
for any country.” The pur^se of the atlas is to 
illustrate oartographically the essential facts of geog¬ 
raphy and history that “condition and explain” the 
development of the United States. Presentation will 
be made formally at Columbia University on Com¬ 
mencement Day, June 6. 

Dr. Paullin, formerly a member of the faculties of 
Johns'Hopkins and George Washington Universities, 
was born at Jamestown, Ohio. He received his 
bachelor of science degree from Union Christian Col- 
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lege, Merom, Indiana, in 1893, and pursued graduate 
studies at Johns Hopkins University until 1896. The 
doctor of philosophy degree was conferred on him 
by the University of Chicago in 1904. After lectur¬ 
ing on diplomatic history at the Johns Hopkins Uni¬ 
versity, and on naval history at George 'Washington 
University, Dr. Padlin joined the research staff of the 
Carnegie Institution, Washington. 

Dr. Wright, librarian of the American Geograph¬ 
ical Society, was born at Cambridge, Massachusetts, 
and is a graduate of Harvard University, having re¬ 
ceived his bachelor of arts degree in 1913, his master’s 
in 1914, and his Ph.D. in 1922. He was an instruc¬ 
tor in history at Harvard in 1916 and 1917, and as¬ 
sumed his present position in 1920. 

The prize-winning work of Professor Webb, issued 
in 1932 by Ginn and Company, is declared by the 
jury of award to be an accurate study of what hap¬ 
pened in American civilization when, in its westward 
progress, it emerged from the woods and ^^essayed 
life on the Plains.” Professor Webb’s answer, the 
jury continued, “explores all the shaping influences 
of land, climate and rainfall and displays m fasci¬ 
nating detail the innovations forced upon the pioneers 
of the Great Plains—innovations in weapons, in agri¬ 
cultural methods and utensils, in fencing, in water 
supply, in law and custom.” 

Members of the Loubat jury were Dr. Isaiah Bow¬ 
man, director of the American Geographical Society, 
chairman; Dr. Arthur M. Schlesinger, professor of 
history in Harvard University, and Dr. Carl Russell 
Pish, professor of American history in the University 
of Wisconsin. 

THE NATIONAL ACADEMY OF SCIENCES 

At the closing session of the meeting of the Na¬ 
tional Academy of Sciences held in Washington on 
April 24, 25 and 26, the following scientific men were 
elected to membership: Dr. Oswald Theodore Avery, 
member. Rockefeller Institute for Medical Research, 
bacteriology; Harold Delos Babcock, physicist at the 
Mount Wilson Observatory, physics; Dr. Thomas Bar¬ 
bour, director of the Museum of Comparative Zool- 
ogy, Harv^ard University, zoology; Dr. Alphonse Ray¬ 
mond Dochez, professor of medicine, Columbia Uni¬ 
versity, medicine; Dr. Bernard 0. Dodge, plant pa¬ 
thologist at the Now York Botanical Garden, botany; 
Dr. Eugene F. DuBois, professor of medicine, Cor¬ 
nell University Medical College, pathological physiol¬ 
ogy; Dr. Griffith C. Evans, professor of pure mathe¬ 
matics, Rice Institute, mathematics;. Bancroft Gher- 
ardi, vice-president of the American Telephone and 
Telegraph Company, New York City, engineering; 
Dr. Herbert Eugene Ives, physicist, Bell Telephone 


liSboratoriea, physios; Dr. W. R, Miles, professor of 
psychology, Yale University, psychology; Samuel 
Alfred Mitchell, director of the Leandor McCormick 
Observatory, University of Virginia, astronomy; Dr. 
Linus Pauling, professor of chemistry, California In¬ 
stitute of Technology, chemistry; Dr. J. P, Ritt, pro¬ 
fessor of mathematics, Columbia University, mathe¬ 
matics; Dr. H. C. Sherman, Mitchill professor of 
chemistry, Columbia University, chemistry. 

At the same session. Dr. Arthur L. Day, director of 
the Geophysical Laboratory of the Carnegie Institu¬ 
tion of Washington, was elected vice-president, suc¬ 
ceeding Dr. David White, of the U. S. Geological Sur¬ 
vey, resigned. Dr. J. McKeen Cattell, editor of Soi- 
SNCE, and Dr. Karl T. Compton, president of the 
Massachusetts Institute of Technology, were reelected 
to membership in the governing council of the acad¬ 
emy. 

At the dinner given on the evening of April 25 
medals were presented to five scientific men for dis¬ 
tinguished work; 

The Alexander Agassiz Medal for Oceanography was 
given to Or. Albert Defant, of the Institute for Ocean¬ 
ography, Berlin, for his studies on atmospheric and 
oceanic circulation and his notable contributions to theo¬ 
retical oceanography. The address was made by Dr. 
Henry B. Bigelow, of Harvard University, director of 
the Woods Hole Oceanographic Institution, and tite 
medal was received by the German ambassador. 

The Public Welfare Medal was awarded to Djt; Wil¬ 
liam H. Park, of New York, for his work as head of the 
research laboratories of the New York City Department 
of Health as a pioneer and leader both in research and 
in the application of scientific discovery to the preven¬ 
tion of disease. The address was made by Dr. Simon 
Floxner, director of the Rockefeller Institute for Medical 
Research. 

The John J. Carty Medal and Award for the Advancer 
ment of Science was awarded before his death to Dr. 
Oarty, in whose honor the medal was established, for his 
distinguished accomplishments in the field of electrical 
engineering. Dr. Frank B. Jewett, president of the Bell 
Telephone Laboratories, a colleague of Dr. Oarty, made 
the address, and the medal was received by his son, Dr. 
John Russell Carty. 

The Henry Draper Medal was presented to Dr. V, M. 
Slipher, astronomer of the Lowell Observatory, Flagstaff, 
Arizona, in recognition of his spectroscopic researches. 
The address was made by Dr. Henry Norris Bussell, re¬ 
search professor of astronomy and director of the 
Prineeton University observatory. 

The Mary Clark Thompson Medal was given to Dr. 
Fran<^B Arthur Bather, of Wimbledon, England, for his 
distinguished services in the fields of paleontology and 
geology. The British ambassador having been detalniad 
by the political situation, the medal was received blT 
Ralph Howard Fowler, of the XJniverrity of Otunbridfs- 
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SCIENTIFIC NOTES AND NEWS 


Da. Soss G. Habrison, Sterling professor of biol¬ 
ogy at Yale Uuiversityr has aocepted the invitation of 
the Royal Society of London to give the Croonian 
Lecture on June 29. 

Professor Niels Bohe, of the University of Copen¬ 
hagen, will give the Graduate School Convocation ad¬ 
dress at Brown University on June 17, his title being 
'^Explanation in Natural Science.” 

The John Fritz Gold Medal, which was awarded 
last November to Daniel Cowan Jackling, of San 
Francisco, for "notable industrial achievement in in¬ 
itiating mass production of copper from low-grade 
ores, through the application of engineering pnn- 
ciples,” was presented to him at a recent meeting in 
New York of the American Institute of Mining and 
Motallurgical Engineers. Dr. Geo. Otis Smith, chair¬ 
man of the Federal Power Commission, made the 
principal address. 

The gold medal of the National Institute of Social 
Sciences will be presented to Clifford W. Beers, who 
initiated the movement for mental hygiene which led 
to the establishment of the National Committee for 
Mental Hygiene, the twenty-fifth anniversary of 
which will be celebrated m New Haven on May 6. 
Mr. Beers will also be the guest of honor at a meet¬ 
ing to be held on May 10 at the Twentieth Century 
Club, Boston, to commemorate the twentieth anniver¬ 
sary of the establishment of the Massachusetts So¬ 
ciety for Mental Hygiene and the twenty-fifth anni¬ 
versary of the movement. 

Frahk a. PeRret, director of the new volcano- 
logical station at the foot of Mt. Pel4e, St. Pierre, 
Martinique, has been appointed Chevalier de la Legion 
d’bonneur by the French Government. 

A 00BRB6P0HDEKT of the Journal of the American 
Medical Association states that at a recent meeting 
of the All-Russian Central Executive Committee the 
degree of hemorary science-worker was awarded to 
the following physicians: Professors Alexis 1. Abri¬ 
kosov, of the First Moscow Medical Institute, for 
iiis aeientifle work in the field of pathology; Professor 
Nicolas N. Bourdenko, for his seientifio work in neuro¬ 
pathology and medical education; Professor Wladimir 
I. Wojac^ek, of the Military Medical Academy, for his 
studies in otolaiyngology; Professor Ivan I. Grekov, 
of the Second I^ingrad Medical Institute, who in¬ 
structed many seientifio workers in the field of sur- 
gsMy; Professor Alexis W. Martynov, of the Moscow 
First Medical Institute, for his surgical work and 
teaching, and Professor Basil B. Cramer, for his soi- 
work in the field of neuropathology. 

.By an order pf the Committee of Privy Council of 


Great Britain made after consultation with the Med¬ 
ical Research Council and with the president of the 
Royal Society, Sir Thomas Ijewis, director of the 
department of clinical research in University College 
Hospital, Loudon, has been appointed a member of 
the council in succession to Professor J. J. R. Mae- 
leod, of the University of Aberdeen. 

Lord Dawson of Penn was reelected on April 10 
03 president of the Royal College of Physicians, Lon¬ 
don. 

At the annual election of the Pennsylvania Acad¬ 
emy of Sciences Dr. John C. Johnson, State Teachers 
College, West Chester, was elected president; Dr, S. 
H. Derickson, Lolmnon Valley College, Anuville, vice- 
president; Dr. H. W. Thurston, Pennsylvania State 
College, treasurer; Dr. T. L. Guyton, Pennsylvania 
Department of Agriculture, Harrisburg, secretary; 
Dr. V. Earl Light, Lebanon VaDcy College, assistant 
secretary, and R. W. Stone, Geological Survey, Har¬ 
risburg, editor» The annual summer meeting will be 
held in August at Ohio Pyle. The place of meeting 
for the tenth annual meeting has not been selected. 

The officers elected for a three-year term by 
Wisconsin Academy of Sciences, Arts and Letters at 
the annual meeting held at Madison, April 7 to 8, in¬ 
clude: President, Rufus M. Bagg, Lawrence College, 
Appleton; If^ce-president for the Division of Sciences, 
Storrs B. Barrett, Yerkes Observatory; Vice-presi¬ 
dents—for the Division of Arts, Anselm M. Keefe, 
St. Norbert College, West De Pere, for the Division 
of Letters, A. R- Hohlfeld, University of Wisconsin; 
Secretary-Treasurer, H. A. Schuette, University of 
Wisconsin; Librarian, W. M. Smith, University of 
Wisconsin; Curator, C. E. Brown, State Historical 
Museum. 

The council of the University of Bristol has ac¬ 
cepted with regret the resignation as from July 31 of 
Professor A. J. Sutton Pippard from the chair of 
civil engineering on his appointment to the London 
University chair of civil engineering at Imperial Col¬ 
lege. Professor Pippard is a graduate of the univer¬ 
sity and returned to fill the choir vacated by Professor 
Perrier in 1928. ^ 

In recognition of the work of Dr, Evans in metal- 
lurgy> the General Board of the University of Oxford 
has appointed him assistant director of research in 
metallurgy, without stipend from the university, for 
the period during which he holds the Royal Society 
Armourers’ and Brasiers* research fellowship in metal¬ 
lurgy. 

Lawbenoob MoHuet, curator of birds and mammals 
at the Natural History Museum at San Diego, Cali- 
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fornia, has been appointed federal inspector of exotic 
birds and mammals entering the port of San Diego. 

The J. T. Baker Chemical Company Eastern Ana¬ 
lytical Research Fellowship for 1933-34 has been 
awarded to Mr. G. W. Low, Jr., graduate of Prince¬ 
ton University, 1931. Mr. Low will engage in ana¬ 
lytical investigations at Princeton. 

Geraui Ashley Waring, geologist in the U. S. 
Geological Survey, has returned to Washington after 
two yeara spent on a detailed survey of the coal 
deposits of Alaska. 

Dr. Forrest Shrevb and Dr. T. D. Mallery, of the 
Desert Laboratory of the Carnegie Institution, and 
Dr. Ira L. Wiggins, of Stanford University, recently 
returned from an expedition to the valleys of the 
Yaqui and Mayo Rivers in southern Sonora. The 
transition from desert to thorn-forest was studied, 
some physiological work was done on Larrea and 
Enveha, and nearly 400 plants were collected. 

Sir Hubert Wilkins has sailed on the Bremen to 
take part in the proposed Antarctic flight of Lincoln 
Ellsworth and Bcrnt Balehen. Sir Hubert is cn route 
to Germany, where he will make preparations for the 
flight before going on to Cape Town and then to New 
Zealand, where ho will meet the EIlsworth-Balchen 
expedition. 

Dn. W. F. G. Swann, director of the Bartol Re¬ 
search Laboratories of the Franklin Institute at 
Swarthmore, addressed the institute on April 19, on 
“The Work of the Bartol Research Foundation.*^ 

Dr. Henry E. Sigerist, formerly director of the 
Institute of Medicine at the University of Leipzig, 
who succeeded Dr. William H. Welch as director of 
the Institute of the History of Medicine of the Johns 
Hopkins University, delivered an illustrated lecture 
before the Washington Academy of Sciences on April 
20. Ills subject was “Medicine of the Renaissance.” 

Dr. Florence R. Sabin, member of the Rockefeller 
Institute for Medical Research, gave on May 2 the 
first lecture on the foundation established at Goucher 
College by the Baltimore Association for the Pro¬ 
motion of the University Education of Women. The 
subject of the lecture was “Cells in Relation to Tuber¬ 
culosis ” 

Dr. William Beebe, director of the department of 
tropical research at the New York Zoological Park, 
will address the Phi Beta Kappa Alumni in Now York 
at the annual meeting on May 10. The title of his 
lecture will bo “Four Hundred Fathoms Down.” 

Markus Renier, visiting research professor of 
Lafayette College, an engineer of the Department of 
Public Works of the British goveniment in Palestine, 


is giving a series of lectures on mathematical rheology 
at the John C. Green School of Engineering, Prince¬ 
ton University. 

Db. Milton J. Rosbnau, professor of preventive 
medicine and hygiene, Harvard Medical School, will 
give two courses at the summer session of the Uni¬ 
versity of Califoniia. One course will deal with 
epidemiology, the other Avith public health. 

The eleventh Colloid Symposium, which was sched¬ 
uled to be hold at the University of Wisconsin on June 
16, 16 and 17, has been postponed for one year. 

The twenty-first annual meeting of the Eugenics 
Research Association will bo held on June 3 at the 
American Museum of Natural History, New York 
City. 

The annual spring meeting of the Association of 
Consulting Psychologists will be held on May 6 at the 
University of Pennsylvania. 

The third annual meeting of the Field Conference 
of Pennsylvania Geologists is to be held at Harris¬ 
burg, Pennsylvania, on May 27, 28 and 29 at the in¬ 
vitation of the Pennsylvania Topographic and Geo¬ 
logic Survey. Field trips will include Cornwall Mines, 
the Triassic and the Paleozoic sections of south-central 
Pennsylvania. 

The ninth annual field conference of the New York 
State Geological Association will be held in the New 
York City region on May 12 and 13. The association 
will convene at Newburgh, New York, on the morn¬ 
ing of Friday, May 12, and will proceed by car 
through Peekskill to northern New York City; stops 
will be made at localities displaying the overthruating 
of the crystalline rocks of the Highlands northwest¬ 
ward on the younger Paleozoic rooks, and the meta¬ 
sediments of northern New York City will be ex¬ 
amined. An evening session will be held at Columbia 
University. Saturday, May 13, will be devoted to a 
study of the Triassic rocks west of the Hudson River, 
and of the glacial features and the serpentine on 
Staten Island. Further information may be obtained 
from the secretary, Dr. G. Marshall Kay, Columbia 
University. 

Museum News reports that at the meeting of the 
American Association which will be held in Chicago 
in June the dates will articulate with those of other 
conventions which are attended by museum workers: 
June 8-10, American Federation of Arts; Juno 12-14, 
American Association of Museums; June 14-15, Asso¬ 
ciation of Art Museum Directors; June 15-17, Col¬ 
lege Art Association; June 19-30, American Associa¬ 
tion for the Advancement of Science. The sections 
and chairmen are as follows; Art, Walter H. Sijde, 
Cincinnati; History, Robert W. Bingham, BufCslo; 
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Stsienoe, Charlea C. Adams, Albany; Art Technique, 
Edward W. Forbes, Cambridge; Technical (Science 
technique), E. L. Judah, Montreal; Superintendents, 
J. Francis McCabe, Chicago; Education, Mrs. Grace 
Fisher Ramsey, New York; Public Relations, I. T. 
Fraiy, Cleveland; Radio, Chauncey J. Hamlin, Buf¬ 
falo; College, Carl K. Guthc, Ann Arbor. 

The American Mining Congress will be held in 
Pittsburgh from May S to 12. Discussions will be 
centered about present problems of the coal industry, 
these including management, mining methods, safety 
program, mechanical production, haulage, and coal 
analyses. A large exhibit will be installed in the 
William Penn Hotel in Pittsburgh, where most of the 
manufacturers will display products used by the coal 
mining industry. J. B. Warriner, president of the 
American Minuig Congress, will lead the sessions held 
in Pittsburgh, with subchairmen in charge of divi¬ 
sional activities. The Pittsburgh committee is headed 
by Dr. L. E. Young, vice-president of the Pittsburgh 
Coal Company. 

The ninety-third annual meeting of the German 
Society of Naturalists and Physicians will be bold in 
Hannover in 1934. There will be no meeting during 
the present year. 

FoLiiOwiNG the resignation of Dr. James Franck, 
professor of physics at the University of Gottingen 
and member of the Kaiser Wilhelm Institute of Phy.s- 
ical Chemistry and Electrochemistry at Berlin, the 
resignations have been received, according to press re¬ 
ports, of Professor Herbert Freundlich, distinguished 
for his work in colloid chemistry, and of Dr. Michael 
Polanyi, physicist, vice-directors of the institute. An 
Associated Press dispatch, dated April 28, states that 
Professor Hermann Jacobsohn, of the University of 
Marburg, has committed suicide by throwing himself 
before a train. It is also reported that Dr. Bernhard 
Zondek, who has been forced from his professorship 
of gynecology in the University of Berlin, may be 
given a position in the University of Stockholm. Dr. 
Gustav Bucky, for three years director of the Central 
Riintgen Institute and the cancer department at the 
Rudolf Virchow Hospital, who was reported early this 
month to be vacation,” has also resigned and is 
now in New York. Dr. Bucky is an American citizen 
of German-Jewish birth. 

In regard to dismissals of German professors, a 
correspondent of The New York Times writes: 
“Twenty-six Jewish professors were dismissed from 
the faculties of the leading Prussian universities on 
April 26 by Bernhard Rust, Nazi Minister of Culture 
for that state. This makes a total of forty-two Jewish 
or Republican savants who have lost their teaching 


posts at Prussian universities within the month, but it 
is announced officially that these removals constitute 
only a first instalment in a general house-cleaning of 
the German academic groves from what is known, in 
Nazi parlance, as “alien influence.” No fewer than 
eighteen among the Jewish professors who lost theii* 
positions belonged to the faculty of the Univei^sity of 
Frankfort-am-Main, while seven were dropped from 
the University of GlHtingen and one from the Univer¬ 
sity of Marburg.” 

The seventy-eighth annual exhibition of the Royal 
Photographic Society of Great Britain is to be held 
in London from September 9 to October 7, inclusive. 
It is requested that all entries for the technical section 
from residents of the United States he sent to Dr. 
Walter Clark, Eastman Kodak Research Laboratories, 
Rochester, New York. Exhibits should be mounted 
but not framed, and should reach Dr. Clark not later 
than June 20. Exhibits for Section III may consist 
of photographs or transparencies related to the fol¬ 
lowing subjects: natural history, photomicrography, 
radiography, astronomical and aenal photography, 
stereoscopy, survey and record work, press and the¬ 
atrical photography, meteorological, geological and 
metallurgical applications of photography and useful 
photographic devices. It is hoped that a generous 
contribution will be made in order to maintain the 
high standard set by American contributors to the 
technical section in previous years. Entry forms may 
be obtained 6a application to Dr. Clark. There is no 
fee. 

During the past fall and winter the Bacteriological 
Laboratories at the Pennsylvania State College have 
been entirely remodeled and reequipped and have been 
used during the first semester. Specially designed 
laboratory desks have been installed. Rolling doors 
make it possible to divide the larger laboratory with 
ample accommodations for a section of fifty students 
into two laboratories for smaller groups when desir¬ 
able. An important item of new equipment is the 
constant temperature room (37® C.) which affords suf¬ 
ficient space for incubation of class cultures. The 
facilities now provide excellent working conditions for 
280 students registered in the division of bacteriology. 

In connection with the commemoration of the one 
hundred and ninetieth birthday of Thomas Jefferson, 
founder of the University of Virginia, presentation to 
the university was made of a ten-inch photographic 
telescope of 46-iDch focal length from Mount Wilson 
Observatory. The telescope is to be used by Dr. S. 
A. Mitchell, director of the McCormick Observatory, 
in photographing 18,000 stars to determine their 
proper motions. Funds to provide a complete new 
mounting have been provided by the Carnegie Institu¬ 
tion of Washington. 
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Frank A. Warduaw and his son, Frank A, Ward- 
law, Jr., have recently presented to the U, S. National 
Husenm the only cast now known to exist from a life 
mask of Thomas A. Edison. The mask was made in 
1878, the year of the invention of the phonograph and 
the year before the invention of the incandescent 
lamp. As this was the only mask of Edison ever 
made, it will be of value as a record. The same 
donors presented original Edison lamps of the first 
types of paper filament and bamboo filament lamps, a 
galvanometer used by Joseph Henry, and several 
models of locomotives and marine engines. 

The executive committee of the sixth International 
Congress for Industrial Diseases and Accidents, held 
at Geneva last year, has iiAstituted a prize of 1,000 
Swiss francs for the best essay on the estimation of 
the consequences of on industrial accident. The type- 
senpt of the essay, which may be written in English, 
French, German or Italian, should be sent to the gen¬ 
eral secretary of the congress, Geneva, before De¬ 
cember 31, 1934. 

At a recent meeting of the American Institute of 
Nutrition—Dr. H. C. Sherman, president, and Dr. 
John R. Murlin, secretary-tre^isurer —The Journal of 
Nutrition, owned by the American Institute of Nutri¬ 
tion, was transferred to The Wistar Institute. Begin¬ 
ning in January, 1934, this journal will be published 
by the institute under the same editorial management. 
Announcement of an increase in the number of yearly 
issues will be made later. The acquisition of The 
Journal of Nutrition is the first step in the creation of 
a department of nutrition at The Wistar Institute. 

The return of a permanent American delegate to 


the International Institute of Agriculture at Beane is 
probable as the result of action by the Senate Foreign 
Belations Committee, whieh has approved a bill by 
Senator Hiram Johnson, of California, to finance 
representation at a cost of $48,500 a year. The in¬ 
stitute is the nucleus for world planning in crop pro¬ 
duction. Seventy-four nations participate and Amer¬ 
ica had a permanent delegate at the institute up until 
four years ago. 

The New York Botanical Garden is now conduct¬ 
ing a school for gardeners modeled on those of Kew 
and Edinburgh. In the past the gardening profession 
in the United States has been recruited almost entirely 
from Europe. Student-gardeners are temporary em¬ 
ployees remaining at the garden for two years. Dur¬ 
ing the day-time they perform the duties of gardener, 
being moved as opportunity permits from one depart¬ 
ment to another to broaden their experience. They 
attend a two-year course of evening lectures, includ¬ 
ing such subjects as general and systematic botany, 
physics and chemistry, soils and fertilizers, plant pa¬ 
thology, entomology, genetics and plant breeding. 
They also attend demonstrations by the staff and visit 
other gardens. On satisfactory completion of the two 
years course a certificate is awarded, also a year’s 
extension of employment at the garden during which 
time the student is expected to seek employment else¬ 
where. Appointment as student-gardener is limited 
to those prepared to do the work without remunera¬ 
tion. The New York Botanical Garden, in coopera¬ 
tion with the Horticultural Society of New York and 
the National Association of Gardeners, is also ecn- 
duoting a course for profeaiuonai gardeners in the 
basic sciences underlying gardening practise. 


DISCUSSION 


THE CRISIS IN SCIENTIFIC RESEARCH 
AND THE WAY OUT 

We find ourselves, to-day, faced with a crisis in 
scientific research, especially in biology and medicine. 
Professor Krogh has already referred to it at the 
Thirteenth International Congress of Physiology, 
held at Boston m 1929. 

The causes of this diifictilty would seem to lie in 
a discrepancy between the efforts and the results of 
research work. The effects of coUeotive scientific 
endeavor are to-day quantitatively so vast that the 
possibility of surveying and applying them with 
complete assurance and certainty becomes ever more 
remote. From this results a constant increase in 
specialization; one perceives the various connections 
less and less clearly, the great clear directing lines 
and historical points of view tending to disappear. 
Or, one is obliged to undertake a quite incredible 


amount of labor, in fact, to devote one’s entire life, 
BO to speak, to the subject, without even being eertiun 
that the results will prove worth the trouble. 

This often only half perceived, almost nnoon- 
soiously felt, recognition discourages many young 
scientists so that they turn more willingly toward 
those forms of activity whieh promise more praotioal. 
reeults, and this constitutes the chief danger to seien- 
tifie research and its traditions. 

The principal cause of all this lies, in my opinion, 
in the fact that in the technique of publication and 
survey of scientific results, in the method of mental^ 
and scientific synthesis, the old established customii 
still hold sway, but these are no longer suited to the 
pace and necessities of our time. We are, to-daiy, 
accustomed to the scientific organiaation of work in 
every sphere of industry, eommeree and adminietm* 
tion, one may even say in polities and poRtieal 
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gatida. Only in the realm of eoienee one fails to 
traae any kind of soientiflo organization worthy of 
the importance of science; and in this way much 
time, enei^ and economy of means is wasted. 

This is especially conspicuous in the production of 
seientidc literature. Science, whilst it is one and in¬ 
ternational, appears in publications in more than 
twenty languages, in hundreds of magazines, in 
thousands, even tens of thousands of pamphlets, in a 
year. The themes of research work are left mostly 
to chance, thousands of problems are worked up 
without any logical discrimination, without intrinsic 
power, often occasioned by purely external circum¬ 
stances, for reasons which have nothing to do with 
the research itself. And these millions of pages arc 
poured out over us like a flood, they cover and swamp 
us, they inundate us so that we stand continually in 
a despeuring struggle to keep our heads above this 
sea of papers. 

The way out of this chaos is the same as that taken 
by economics and by the state, namely, rationaliza¬ 
tion or so-called scientifle management. One need 
not think that through rationalization intuition, the 
creative faculty, will be suppressed; on the contrary, 
it will then first obtain a real facility for its awaken¬ 
ing, and will then first be able to develop itself satis¬ 
factorily. The less energy required to be expended on 
overcoming difficulties, the more there will be for 
creation, for invention, and the higher will be the 
quality of its output. 

I have tried for some years to apply to the realm 
of science the principles of scientiflo management in 
industry, administration and politics, and have worked 
out a system for the means of rationalizing the scien¬ 
tific institutes for research activities and for the col¬ 
lective Bcientofio institutions. 

The whole refers to the following system of sub¬ 
jects: 

I, Scientific laboratory management: 

(1) Administration of scientific institutes. 

(2) Application of specific scientific activities; 

Practical arrangements. 

Bconomy of time, 

XI. Work of researok^rkers: 

(1) Physical and psychic hygiene of mental work. 

(2) Systematic metii^ In research, especially time- 

and plaa-sohednles. 

(B) AppUcatlon of the card system for collecting 

sdeotifio data and ideas. 
nZ. CoUeetive seicatifio activities: 

(1) Congresses—-their organitation and general 

plan of research* 

(2) Beientifle Uteraturo—systematisation of peri¬ 

odicals, libraries, repo^ scientific treatisee, 

sshedttles and card indioM. 


(B) Scientific language and standardization of ex¬ 
pert expressions. 

I suggest that an International Committee might 
consider these problems systematically and make 
definite propositions. 

Sergei Tschachotin 

Kaiseb Wcuhelm Ikbtitut ri^ 

Medizinibcrb Fobsghvno 
Heidelbkbg 

COOPERATION AMONG AMERICAN ZOOLO¬ 
GISTS TOWARD A COMPENDIUM OF 
CULTURE METHODS FOR IN¬ 
VERTEBRATE ANIMALS 

At the Atlantic City meeting of the American As¬ 
sociation for the Advancement of Science, this matter 
again came up. Vice-president Zelcny, chairman of 
Section F—Zoology, appointed as a committee to 
consider it Dr. Frank E, Lutz, of the American 
Museum of Natural History, Dr. Paul S. Welch, of 
the University of Michigan, and Dr. J. G. Needham, 
of Cornell University. 

At the present time there is difficulty in finding in- 
fonnation about culture methods. Much more expe¬ 
rience has been gained by individuals than has ever 
been made available through publication. Much also 
undoubtedly exists in papers whose titles give no clue 
of its presence. Such information if gathered to¬ 
gether and made available to the many whose work 
nowadays dtmands the use of living materials in 
continuous supply would be a great aid to biological 
research. 

The committee has found a very general feeling of 
need for such a compendium and is proceeding with 
plans for it. Its plans are as yet wholly tentative. 
A book is contemplated, to contain the information 
that is needed by the one who is trying to rear and 
maintain cultures. It is proposed to have a short 
introductory chapter on general principles of man¬ 
agement, with the main body of the book made up 
of signed articles, volunteered by individual workers 
and based on their own practical experience. 

It is hoped that for at least one species of each 
considerable group of invertebrates there may be in¬ 
cluded a fairly complete account of maintenance re¬ 
quirements, covering collecting methods and devices, 
cages and breeding quarters, plans for feeding and 
water^, cleaning and aerating quarters, breeding 
management, and all else that enters into the main¬ 
tenance of the species through sueoessive generations. 
Such full accounts, however, will be few, and less 
comprehensive items will be welcome. 

The''Committee reserves the right to condense and 
to combine where necessary to avoid duplication. An 
effort will be made to include bibliographical refer- 
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eoces to all the more important relevant published 
material; also summaries and cross-references to aid 
in finding things. 

The scope proposed is North American inverte¬ 
brates. It goes without saying that Apis and Bombyx 
are not to be discussed beyond laboratory usages, since 
their culture has long passed the stage of pioneering 
that we are to record. 

This call goes out to all American zoologists. Let 
any one who has tested out a reliable method of cul¬ 
ture maintenance, or any device that ho has found 
to be particularly useful to that end, write it up and 
submit it for a ])]ace in this book to any member of 
the committee. 

James 0. Needham, 
Chairman 

COENELL IlNlVEESlTY 

REVERSAL OF THE PINHOLE IMAGE 

It was my good fortune to be associated with Dr. 
Oliver J. Lee, director of Dearborn Observatory, in 
a problem he investigated at the time of the solar 
eclipse in August, 1032. He wished to obtain in¬ 
formation regarding temperature changes produced 
by the moon^s shadow at various altitudes. For ele¬ 
vations of 700, 3,000 and 10,000 feet, this information 
was furnished by recording meteorographs carried 
by airplanes, which cruised at constant altitudes in 
circles about a mile in radius. Lieutenant Baker and 
I were in the highest plane, which stayed at 10,400 
feet most of the time, but rose to 15,000 feet for a 
while. The report of the observations which I made 
to Dr. Lee that evening included one phenomenon 
which I have not seen described by any of the ob¬ 
servers who were in airplanes during the eclipse. 

For about fifteen minutes preceding totality, while 
the solar crescent was very narrow, whenever I 
looked where the shadow of the airplane would have 
lieen cast on the clouds more than a mile below, I 
saw a halo about five degrees in diameter, red on the 
outside, yellowish on the inner side, with a dark, 
shadow-]ike crescent at its center. The angular 
diameter of the shadow crescent was the same as that 
of the solar crescent. The thickness at the middle 
was somewhat greater. What attracted my attention 
particularly was the fact that the cusps of this 
shadow crescent pointed eastward, while those of the 
solar crescent pointed westward. After totality the 
whole appearance was repeated, except that the cusps 
of both crescents were reversed zn direction. 

It was a phenomenon similar to that seen by Edwin 
Edaer in England during the partial eclipse of 1912 
and described by him in Nature for May 2 of that 
year. It was the reverse of the familiar pinhole 
image. A huge screen with a relatively small hole at 
the position of the airplane would have caused a 


bright, inverted crescent against a dark background 
on the clouds, crescent image and solar orescent hav¬ 
ing the same angular dimensions as seen from the 
screen. Interchanging screen and hole would inter¬ 
change image and background, giving the dark 
crescent which I saw on the bright clouds. 

I have repeated, with some modifications, the ex¬ 
periment Edsor described. A piece of ground glass 
close to the condenser of a stereopticon was nearly 
covered with a circular disk of black paper, leaving 
only a bright, narrow orescent exposed. The objec¬ 
tive of the lantern was removed. A screen with a 
small hole placed ten feet from the lantern pro¬ 
duced a pinhole imago on the crescent on the wall an 
equal distance from the screen. Then a brass ball 
about the size of the hole was used in place of the 
screen and a dark, shadow-like crescent appeared on 
the wall, corresponding exactly to what I saw on the 
clouds. A small square of black paper substituted 
for the ball gave the same dark crescent. A little 
airplane made of black paper also produced the 
same result. The shadow crescent was independent 
of the shape of the obstacle, as a pinhole image is 
independent of the shape of the pinhole, provided 
obstacle or hole is small enough in comparison with 
the object. As stated by Edser, in order to obtain 
the shadow image, the screen must be beyond the 
apex of the umbra of the shadow cast by the obstacle. 

Ernest C. Brtant 

Middlebury College 

THE ADRENAL GLANDS IN AN EDITOR’S 
OFFICE 

A DISTINGUISHED physiologist wrote to the editor of 
Science on April 14: 

At the recent mootings of the American Physiological 
Society in Cincinnati Dr. Britton of the University of 
Virginia made the statement in open meeting that Sci¬ 
ence had published an article on the adrenals by Pro¬ 
fessor Swingle of Princeton University, the publication 
of which was paid for by Professor Swingle, and that the 
pages of Science have been subsequently closed to Pro¬ 
fessor Britton and possibly others on the subject of Pro¬ 
fessor Swingle’s original paper or article. If true, this 
appears to me both a curious and serious situation. 1 
had the understanding that Science was an organ of the 
American Association for the Advancement of Science. 
If scientific articles published in Science are paid for by 
authors, that fact should be stated, it seems to me, in 
connection with the article as it apjiears in Science, be¬ 
cause otherwise we appear to be in danger of under-cover 
paid propaganda. 

A distinguished physicist wrote on April 19: 

From a number of influential and reputable sources, 
I have run into a considerable amount of Irritation over 
the article by Swingle, Pflffner, Vars, Bott, and Parkins 
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in JSciXNos for January 13. Thu irritation ia on the 
following grounds: First, that the article impliea that the 
diacoveries there reported were made by the authors; 
second, that the material was rushed to publication 
through a subsidiary of [subsidy to] Bcience; and third, 
that replies to this article by recognized loaders in the 
field have either not been accepted or have not been 
acknowledged, 

I admit that the field is entirely outside my own knowb 
edge. Nevertheless, I am assured by men who are the 
leaders of similar work at the Harvard Medical Hchool 
and in Massachusetts hospitals that every one of the 12 
points published by Swingle, ot al, had been published 
by others, as indicated in part in the enclosed bibliog¬ 
raphy. I am further informed that this is not the first 
instance in which Swingle has been in a similar position 

Under these circumstances, therefore, I can not but 
feel that this incident has reacted unfavorably to the 
Association and in particular, will bo a handicap to the 
cooperation which we hoped to socuro next winter. 

The letter from the physiologist was sent to Pro¬ 
fessor Britton with the following request: 

Please be so kind as to let me know whether Professor 

-reports correctly what you said at the meeting 

of the American Physiological Society. In case he does 
not slate correctly what you said, please let me know 
what this was. 

In his reply Professor Britton wrote: 

In prefacing my paper at Cincinnati, since Swingle 
coming just before me had again neglected to recognize 
the earlier work of others, I remarked that a recent situ¬ 
ation which had come up in connection with the adrenal 
controversy should perhaps be aired ut that lime; that 
Swingle and his associates had recently published an 
article on a circulatory theory of cortico-adrenal function 
in which they had stated that all other theories were 
practically valueless, and gave no reference at all to the 
previous theories of others, although the paper had been 
greatly extended over several pages; that the article had 
been paid for apparently out of special research funds 
as stated in their foot-note; that other workers in the 
field (excepting Freeman's partial reply, of course) wish¬ 
ing to reply to the article found that publication could 
not bo secured; that we ourselves could not at first gel 
a reply published on offering to pay for it, but that 
eventually a short article had been accepted by the jour¬ 
nal; and further, that subsidizing or paying for research 
publications set up a very unfortunate precedent, to say 
the least. Later, in question time, I asked Swingle if he 
would mind telling why he found it necessary to pay for 
science publications, and he declined to answer. To my 
knowledge, this is all 1 said on the subject. 

The facts of the case are these. Professor E. Q. 
Conklin, of Princeton University, wrote (he permits 
the quotation) on December 22: 

I am sending you herewith a manuscript by Professor 
Swingle and his associates on the physiological activity 


of the adrenal cortex. I think that this is an extra¬ 
ordinarily important dlscoveVy, comparable in many ways 
to the discovery of insulin, and likely to be of very great 
service in medicine and surgery. 

Professor Swingle had written: 

The contents of this paper should be placed before 
biologists and medical men at the earliest opportunity 
since there can be no question but that the adrenal 
cortical hormone is specific in tlie treatment of surgical 
and traumatic shock. This form of shock costs tho lives 
of thousands of people yearly and now that the cortical 
hormone is available for use, it seems a pity that the 
facts should not be made known and lives saved as 
speedily as possible. 

To Professor Conklin the editor of Science re¬ 
plied : 

I am pleased to learn of the important work of Pro¬ 
fessor Swingle and also that you and he regard Scienck 
as the best place of publication. As you know, we can 
not under ordinary circimistanccs print longer research 
articles in Science. . . . Tho Physical Society has adopted 
a plan, which is also used in conne<dion with other jour¬ 
nals and will I dare say become general m tho future, 
of making the cost of publication part of the cost of tho 
research. ... If Science could be enlarged to the extent 
of the length of the paper it could be printed at once, 
it being stated that tho cost of printing had been de¬ 
frayed by Uie institution from which it came. However, 
this is something that has never been done and I suppose 
that it is no| worth while to take up the possibility at 
the present time. 

After conversation with Professor Conklin at the 
Atlantic City meeting of tho American Association, 
the editor wrote to him on January 7 as follows: 

I have been a good deal bothered about Professor 
Swingle's article. The journals that I edit have not 
charged for illustrations, tables or proof alterations, and 
it is a very considerable departure from long usage to 
enlarge the journal and charge the cost to the author or 
institution. Scientific journals, however, seem to be com¬ 
ing to this policy, even when the .lournal is not enlarged 
for the purpose of prompt publication, and I expect that 
it will be generally adopted. 

In the case of Professor Swingle's article, it is not 
only the question of the cost, though under existing con¬ 
ditions that is somewhat serious, but of giving precedence 
to a long article over the other articles that we have been 
compelled to hold for a considerable time and especially 
over the addresses and other material presented at At¬ 
lantic City to which we aim in January and February to 
give most of the space in Science. 

The situation could be explained by a footnote to the 
effect that Science had been enlarged to publish this 
article, the cost having been defrayed by the Macy Foun¬ 
dation or the Princeton Laboratory, as the case may be. 
On the whole, therefore, though not without reluctance, 
I shall accept Professor Swingle’s offer. 
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After the publication of Professor Swingle’s article 
three criticisms were received. One of them, abusive 
and probably libelous, was returned; one by Dr. 
Norman E. Freeman was promptly printed; the third, 
by Dr. Britton, was too long for publication in Sci- 
BKOB, but a shorter reply was published. After this 
had been accepted Professor Britton wrote: "Let me 
again assure you of my gratitude in granting this 
privilege of reply in your much-esteemed journal.” 
A counter reply by Professor Swingle containing new 
data was not accepted, though he was informed that a 
short reply would be. 


Professor Britton has published within the last two 
years five articles in Soienob. Indeed the adrenal 
glands and the whole field of chemical physiology have 
received, not more attention than their importance de¬ 
serves, but more space than has been given to other 
subjects equally important. Now it is neoesaary to 
print more words (it costs three cents each to print a 
word in Soienob) on the adrenals; but that and the 
troubles of an editor are obviously small matters com¬ 
pared with the saving of thousands of lives (see 
above). 

J. McKben Cattkll 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A NEW FORM OF CENTRIFUGE-MICRO¬ 
SCOPE FOR SIMULTANEOUS OBSER¬ 
VATION OF CONTROL AND 
EXPERIMENTAL MATERIAL 

In centrifuge studies on the effect of substances on 
the viscosity or the tension at the surface of living 
cells, comparison of experimental conditions with con¬ 
trol conditions is a necessity. This can be accom¬ 
plished by a slight modification of the centrifuge- 
microscopes^ previously described, which very greatly 
adds to the convenience and usefulness of the instru¬ 
ments. In the same field of view a perfect image of 
control and experimental material side by side can be 
obtained for any power of the microscopes (except 
oil immersion objectives) and for any rate of rotation 
that will not shatter the materials of which the instru¬ 
ment is made. Adaptation to the Beams air turbine is 
possible.® 

As illustrated in Fig. 1 the device is a special head 
in the form of a bar, fitting on the 4 inch shaft (A) 
of a high speed electric motor. At the two ends of 
the bar are depressions for the special slides S, 8^, 
which hold the living cells, two microscope objective 
systems mounted horizontally, and small right angle 
reflecting prisms to reflect the images to the axis of 
rotation. Here two 4 inch right angle prisms 1 inch 
wide are mounted facing in opposite directions, so 
as to reflect from both ends of the bar vertically to the 
stationary ocular (Oc.). 

If the lights (L, L") are incandescent filaments 
whose images are thrown on the slides parallel to a 
radius of rotation, the distance of S and S' to the 
axis of rotation must differ by 3 to 5 mm, so that S 
will not be illuminated by 1/ and vice versa. Since 

lE. N. Harvey and A. L. Loomis, Science, 72: 42, 
1930; E. N. Harvey, Jour. FranJeliu Jtwi., 214: 1, 1933, 
I express m^r sincere thanks to Mr. Alfred L. Loomis for 
the generous hospitality of his laboratory at Tuxedo 
Park, N. Y., where the new head was made. The 3ausch 
and Lomb Optical Company will place the standard cen¬ 
trifuge-microscope on the market. ^ 

*J. W. Beams, Science, 74: 44, 1931; E. N. Harvey, 
Science, 75; 267, 1932. 



Pig. 1. Diagram of centrifuge-microscope for simul¬ 
taneous observation of control and experi¬ 
mental material. 


the radius of rotation may be 100 mm, this makes a 
difference of only 3 to 6 per cent, in the centrifugal 
force on the two slides. The image of material in S' 
appears in the left field of the ocular, I', and the 
image of material in S appears in the right field, I, 
the direction of the centrifugal force being indicated 
by arrows. For successive observation of S and S', 
only one light need be used, say L. It is moved 5 
mm further from the axis for observation of S' and 
back again for observation of S. 

If a high voltage condenser discharge in Hg. vapor 
is used as the source of illumination, L and the 
distance of S and S' from the axis may be exactly 
the same, but the oontaet surfaces which set off the 
lamps are arranged at different radial distances from 
the axis, so that lamp L discharges only when over 
S and lamp L' only when over S'. Tho mercury 
discharge lamp gives a clearer image over the whole 
field of view, but neoessitateB a more eompHccMd 
acoeasory mechanknL 
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In thia mamier the remarkable difference in be¬ 
havior under the influence of centrifugal force of uii- 
fertiliaed and just fertilized sea-urchin eggs can be 
observed, and quantitative comparison made of the 
effect of any substance on the viscosity or form of 
living cells. 

E. Newton Harvey 

Biology Bepaetkent 
P aiNCBTON University 

THE AGITATION OF MATERIAL IN 
AERATED WATER 

In a recent issue,^ McCutoheon described an appa¬ 
ratus for circulating and aerating material. The pur¬ 
pose of this note is to describe an arrangement that 
has been found particularly useful for difidcalt mate¬ 
rial, and is successful in a number of cases where 
other methods have not been entirely satisfactory. 

It consists of a circular flat-sided flask (a standard 
Kolle culture flask serves admirably) filled with water, 
into which is inserted a glass tube bent and connected 
with a compressed air outlet. 

The bubbles of air, rising at one side of the flask, 


set up a circular motion in the water, the rapidity of 
which can be adjusted at will by controlling the stream 
of air, so as to keep the material continuously oirculat- 
ing. 

The apparatus is especially useful when the shape or 
size of the objects circulated renders them likely to 
become tangled or lodged against obstructions in their 
path. The smooth, circular motion, with a minimum 
of subsidiary vortices makes for a very efficient 
utilization of the air current. A relatively small 
amount of air is sufficient to keep light objects sub¬ 
merged and circulating, and objects with a specific 
gravity considerably greater than water circulate 
freely. 

The use of a filter pump to supply the air current 
is feasible if the joints of the apparatus be made air¬ 
tight. 

The addition of two siphons, with their outer ends 
immersed below water surfaces of properly adjusted 
height, will provide for a gradual change of water in 
the flask, and convert it into an efficient washing 
apparatus. 

H. B. SiPTON 

University op Toronto 
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THE ATOMIC WEIGHT OF LEAD FROM 
KATANGA PITCHBLENDE 

Through Professor A. C. Lane, chairman of the 
Committee of the National Research Council on the 
Measurement of Geologic Time, we have recently 
reoeiyed a fine specimen of Kiatanga pitchblende, a 
gift from Radium Beige. Petrographic examination 
by Professors Lindgren and Newhouse, of the Mas¬ 
sachusetts Institute of Technology, showed the black 
base to be permeated with microscopic veins of yel¬ 
low material which Davis has already found to be 
readily soluble in dilute hydrochloric acid. Extraction 
of the very finely powdered material with dilute hydro¬ 
chloric add reo^oved 22.8 per cent, of the original. 
ApjH^ozimate analysis of the residual black pitch¬ 
blende and of the extract yielded the following per¬ 
centages of uranium and lead. Other analysts have 
found similar material to be nearly if not quite free 
from thorium. 

Per cent. Per cent, 

U Pb Pb/U 


FltehUud* . 

74.9 

0.7 

0.069 

Extract ..-... 

56.5 

6.4 

0.144 

^ole --- 

71.2 

7.1 

0.100 


Lead was extraeted from both portions and was 
l^titiftcd diiefiy by many crystallizations as nitrate in 

i November 4, 1982. 


quartz and as chloride in quartz and platinum. Next 
it was twice, distilled in dry hydrogen chloride, and 
finally it wa8 fused in nitrogen containing hydrogen 
chloride in a weighed quartz boat. 

Analysis of the chloride was effected by solution 
and comparison with a solution of nearly equivalent 
quantity of pure silver. The end point of the com¬ 
parison was found by the equal opalescence method 
with the aid of hundredth normal silver and chloride 
solutions and a nepholometcr. For comparison, sam¬ 
ples of chloride similarly purified were prepared from 
common lead (Coeur d'Alene) and from Bedford 
cyrtolite^ and analyzed. 

The result for common lead agrees closely with that 
commonly accepted (207,22) and that from Bedford 
cyrtolite with the value previously found by our¬ 
selves (205.92). The varieties from Katanga pitch¬ 
blende both apparently possess^tomic weights appre¬ 
ciably lower than that found by Hdnigsehmid and 
Birokenbaoh,^ 206.05, with lead extracted from secon¬ 
dary thinerals associated with Katanga pitchblende. 
If the original untreated pitchblende is considered as 
a whole the average atomic weight of the lead is 
205.9^. Aston® has found Katanga load to be com- 

I Bee Baxter and Alter, Science, 76; 524, 1932. 

■ Ber. 50: 1837, 1923. 

4No«iire, 129: 649, 1982. 
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The Atomic Weight or Lead 

JSTatan^a Pitchhlende 


Wt. of PbCl, 

Wt. of Ag 

Ratio 

At. wt. 

in vacuum 
g- 

in vacuum pbCl,:2Ag 

of Pb. 

4.57229 

3.56261 

1.28341 

206.00 

6.20083 

4.83143 

1 28344 

206.00 

4.45462 

3.47094 

1.28340 

205 99 


Average 1.28342 

206.00 


Kaianya Pitchblende Rxiraci 


2.62575 

2.04615 

1.28326 

205.96 

3 75342 

2.92474 

1.28333 

205.98 

3 2S347 

2.55867 

1.28327 

205.06 

3.19222 

2.48745 

1.28333 

205.98 


Average 

1.28330 

205.97 


Bedford Cyri 

olite 


0.59044 

0.46015 

1 28315 

205.94 


Common Lead 


2.56818 

1.99234 

1.28903 

207.21 

4.34481 

3.37050 

1.28907 

207 22 


Average 

1.28905 

207.21 

posed of the isotopes and in 

the propor- 

tiona of 14 

to 1. From thie 

i evidence 

the isotopic 


weight of would seem to have the surprisingly 

low value 20r).90-205.93. 

It is difficult to explain the difference in the atomic 
weights of the lead from the black and yellow portions 
of the original mineral. If the veins were formed by 
infiltration, an external source of lead of atomic weight 
205.97 is required. If, as seems more probable to us, 
the yellow material is an alteration product, it might 
indicate a different rate of decay of uranium isotopes, 
as V, Grosse has recently proposed.* But since then 
the yellow material must contain on an average older 
lejul than the black, this hypothesis would rtniuire a 
higher rate of decay for than for a con¬ 

clusion which is contrary to v. Grosse^s. 

G. P. Baxtkr 
C. M. Altkr 

T. Jefferson Coouikie, Jr., 

Memorial Laboratory of 
Harvard University 

FREE POSITIVE ELECTRONS RESULTING 
FROM THE IMPACT UPON ATOMIC 
NUCLEI OF THE PHOTONS 
FROM TH C" 

The discovery of the fact that free positive elec¬ 
trons are present among the secondary particles re¬ 
sulting from the disruption of nuclei by the cosmic 
radiation,^ together with various kinds of evidence 

*Phys. Rev., 42: 565, 1932. 

1 Science, 76: 238, 1932. 


that the primary cosmic radiation at sea-level consists 
largely of photons, made it appear of value to study 
the hard Y-rays of natural radioactive substances for 
similar effects. Experiments have been carried out 
which gave conclusive evidence that positrons^ are 
ejected from load by the Y*radiation of Th C^'. 

Near the bottom of a vertical Wilson cloud-chamber 
operating in a magnetic field of about 400 gauss a 
plate of lead was placed through which a collimated 
pencil of Y-rays from Th C" was allowed to pass. 
About 5 ems above the lead was inserted an aluminum 
plate of 0.5 mm thickness for the purpo.se of differ¬ 
entiating between particles of positive and negative 
charge, a method previously used by the author and 
later by Blackett and Ochialmi for the same purpose. 

Out of 1,500 exposures three photographs were ob¬ 
tained, each one of which showed a positron ejected 
from the lead, the direction of ejection being nearly 
in the direction of the incident Y-ray beam. The posi¬ 
trons penetrate the aluminum plate and emerge with 
an appreciably lower energy; in all three photographs 
the tracks cross practically the whole chamber, and 
their curvatures are readily measurable and of the 
right order of magnitude. The general indications 
are that the positrons are not very rare among the 
electrons ejected from the lead. 

Those photographs offer unambiguous evidence that 
photons when absorbed by nuclei do eject both posi¬ 
tive and negative electrons quite in accordance with 
the evidence which has appeared in cosmic-ray studies. 
Further, many of the tracks which we have obtained 
from the Y-rays of Th C" resemble the showers such 
as those obtained by us^ and particularly emphasized 
in the photographs of Blackett and Ochialini.* 

1 wish to express my gratitude to Mr. Seth H. Ned- 
dermeyer, for his assistance and to the Carnegie Cor¬ 
poration for their support of this whole program, 

Carl D. Anderson 

California Institute 
OF Technology 

METHOD OF EXTRACTION OF SUPRA¬ 
RENAL CORTICAL HORMONE-LIKE 
SUBSTANCE FROM URINE 

In view of the physiological significance of the 
possible presence of a substance in the urine that 
raises the resistance of suprarenalectomized rats to 
histamine poisoning,^ the exact method of extraction 
of this substance is given below: 

2 The contraction positron is boro used to denote the 
free positive electron. 

8 0. I). Anderson, * * Cosmic-Ray Bursts,' ’ Phps. Sev-, 
43: 6, 368, March 1, 1933. 

4 Proe, Roy, 8oo,, 189, 699, 1988. 

ID. Perla and J. Marmorston-Oottesman, Proc, 8pe. 
Exp, Biol Med,, 28: 1024, 1931. 
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The urine of young adult males and females is 
collected during the evening and night in large amber- 
oolored bottles, packed in ice and containing a small 
cube of COj snow; 50 cc of benzene is added to each 
bottle. A large funnel is inserted through an open¬ 
ing in the cork of the bottle, and the stem of the 
funnel is closed by a cork attached to a long glass 
rod. When in use this cork is removed and urine 
passed into the funnel. The cork is then immediately 
replaced. This method of collection results in a 
minimal amount of decomposition of the urine and 
keeps the freshly voided urine cold in an atmosphere 
saturated with CO^ and under a layer of benzene. 
The following morning the bottles are removed to a 
dark room and the urine extracted with 50 cc of 
benzene for each liter of urine. An electrical mechan¬ 
ical mixer with a small fan-shaped stirring rod is used 
for agitation and extraction. The extraction with 
benzene is continued for from 10 to 15 minutes, and 
repeated with fresh benzene. The benzene is 
separated, and the fractions pooled and evaporated 
at 40° in vacuo to dryness. The residue is taken up 
in ether, the ether evaporated and the ether residue is 
shaken with the desired amount of physiological 
saline. The final aqueous product is colorless, has no 
odor of urine, turns faintly pink in 20 hours, and is 
non-irritating to rats when injected subcutaneously 
or intraperitoneally. The final product is made so 
that 1 oc of the extractive is equivalent to 300 cc of 
urine. The potency of such extracts will vary with 
the concentration of the original urine. The precau¬ 
tions employed in the collection of the urine minimize 
the effect of light and oxidation of the substance in 
the urine. 

Although the substance obtained by the above 
method from urine raises the resistance of supra- 
renaleotomized rats to histamine poisoning, as also 
does the life-prolonging hormone of the suprarenal 
cortex, proof is lacking that it is identical with the 
life-prolonging hormone. 

David Pkrla 

J. Marmobston 

PRELIMINARY REPORT ON REDUCING 
TRANSPIRATION OF TRANSPLANTED 
EVERGREENS 

In the semi-arid Great Plains Region, coniferous 
evergreens are the most desirable shelterbelt trees and 
are the most permanent when once established. Un¬ 
fortunately, their mortality in transplanting is par¬ 
ticularly high, losses of 50 to 100 per cent, being not 
uncommon on prairie farms. Probable factors re¬ 
sponsible for this loss are: (1) Climatic conditions 
favoring a high transpiration rate; (2) necessity of 
moving evergreens in full foliage; (3) slow rate of 


regeneration of roots destroyed in digging and reset¬ 
ting. 

Since the fall of 1931 the Cheyenne Horticultural 
Field Station has been investigating means of reduc¬ 
ing the transpiration rate of transplanted conifers. 
Through the work of Neilson^*^ and others^'*the 
coating of dormant deciduous nursery stock for pro¬ 
tection in storage, shipment and transplanting is being 
used to some extent in horticultural practise. Follow¬ 
ing the work of these investigators, various materials 
have been applied to the above-ground parts of dor¬ 
mant conifers in an attempt to cut down excessive 
transpiration of transplants until the damaged root 
systems can develop sufficiently to again support the 
trees, 

IVIany materials have been tested, consisting chiefly 
of waxes, gums, resins, oils and asphaltic compounds, 
alone, and in various mixtures. Proprietary prepara¬ 
tions employed included a rubber compound, a special 
petroleum wax, a Dueo formula, a pmraffin emulsion 
and four commercial nursery waxes. Early in the 
trials it was found that waxy materials which gave 
thick and nearly complete coverage of coniferous 
needles reduced transpiration almost to nothing; how¬ 
ever, such heavy coajtings caused severe injury to the 
plants. The temperatures at which materials can 
safely be applied to dormant evergreens is much lower 
than for dormant deciduous trees, but vanes some¬ 
what with different species, e.g., Colorado blue spruce 
(IHcea pungeki) can not safely be treated with mate¬ 
rials above 65“ C., while yellow pine (Pmu« ponder- 
om) can stand 5 to 10 degrees higher. Difficulty of 
securing thin coatings of waxy materials at these tem¬ 
peratures led to the use of pure oils and emulsions of 
oils and waxes which can be applied with a sprayer. 
Of the many oils tested, castor oil and com oil were 
the only ones that did not injure the conifer needles 
when applied in pure form. Emulsifying some of the 
injurious oils greatly reduced or entirely removed 
their toxicity. 

The non-toxic oils and several emulsions of oils and 
waxes have been tested on different typyra of conifers 

1 J. A. Neilson, ** Paraffine Wax—an Aid to Growth in 
Transplanted Trees and Shrubs,'' North, Nut Grow, 
Aus^n. Proc„ 19: 44-51. 1928. 

2 J. A, Noilson, * ‘ Reducing Storage and Transplanting 
Losses in Nursery Stock" Flor. Uxoh. and Sort. Trade 
TTorld, 78; (No. 5) 27, 35. 1931. 

8 C. N.. PiUsbury, ‘ ‘ The Use of Rubber in the Propaga¬ 
tion, and for the Protection of Nursery Stock," Flor. 
Nxch, and Eort, Trade Worlds 77: No. 17, 28-29, 41, 
1981. 

B. Tukey and Karl Braso, "The Effect of Paraf¬ 
fining, Pruning and Other Storage Treatments upon the 
Growth of Roses and Clierry Trees, Am. 8oc, Eort, Soi. 
Proe,, 28: 489-495. 1931. 

8 T, J. Maney, * * An Apparatus for Spraying Plants 
with Melted Paraffin or Other Waxes," Am. 8oc. Eort, 
8ei, Proe,, 28: 496-497. 1931. 
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without injury, and the efficacy of theae coatinga in 
reducing transpiration has been determinecL The 
table shows a comparison of a few materials sprayed 


on uniform lots of five-year-old dormant pines. 

Pine (Pinus austmaca) 


•Daily 

tDoUy 


lose before 

loss after 


treatment 

treatment 

Corn oil. 

20.7 gms 

2.4 gms 

(1) Sulphonated linseed 



oil emulsion 33^ per cent. 

20.8 

8.4 

(2) Crystal No-Drl 



50 per cent, solution .... 

20.7 

18.0 

Beeswax emulsion . .. 

20.9 

18.3 

Untreated (control) 

20.3 

26.3 


* Averages for 8 days. 

t Averages for 7 days. 

(1) Prepared by heating 9 parte boiled linseed oil to 
470*^ F. and adding 1 part flowers of sulfur to the hot oil. 
Emulsified by mixing with laundry soap and water. 

(2) Manufactured and sold by the Crystal Soap and 
Cliemical Co., Inc., Philadelphia. 

The trees had been grown in pots long enough to be 
thoroughly established and to ensure that all were 
living. The pots were sealed in metal cans and the 
trees exposed to outdoor conditions. Trees were 
grouped into five lots of four trees each and transpira¬ 
tion (loss of weight) was determined every two days, 
water being added after eadi weighing to make good 
the loss. After a period of eight days during whieh 
the comparative transpiration rates of the five lots 
were determined, different treatments were applied to 
each lot and the loss in weight determined for seven 
more days, water loss being replaced as before. It 
will be noted that in the period before treatment the 
groups were selected so that their average daily 
transpiration rates were practically equal. After 
treatment the groups showed wide variation in water 
loss. The data show that all coatings reduced transpi¬ 
ration as compared with the untreated control, pure 
com oil in this instance, causing a reduction of 
88.4 per cent Whether such a great reduction in 
transpiration is necessary or even desirable is not yet 
known, although no detrimental effects were noticeable 
after several months. Further investigations ore 
under way to determine the ultimate effect of these 
coatings on the tree’s metabolism. 

Jn actual practise the materials are best applied by 
spraying seed beds or nursery rows before diggmg* 
Thousands of conifer seedlings and transplants have 
been treated this year with oils and emulsions, appar^ 
ently with good results. It is believed t^t Iheae 
coatings may also prove useful in proteeting conifer¬ 
ous seed beds from excessive drying out over winter. 


In tiiis eonneetion the efficiency of the sulphoiiated oQ 
is of interest, as this material is also a repellesit for 
rodents that attack nursery beds. 

A complete report of these investigationB will ap¬ 
pear in a later publication. 

J. L. £x£bbon 
A. C. Hildebth 

Chetxxns Hobhoultueal Field Station 
U. S. Dbpaetment or AGBiciTLTxrax 
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PERFECT QUALITY AND AUDITORY PERSPECTIVE 
IN THE TRANSMISSION AND REPRODUCTION 

OF MUSIC’ 

By Dr. FRANK B. JEWETT 

BELL TET^HONE LABORATORIES 


It is quite impossible in the short space of the 
fifteen or twenty minutes allotted to me to attempt 
anything in tho way of detail, either in the matter of 
the scientific principles involved in the apparatus and 
equipment of this particular system of music trans¬ 
mission or in the elaborate arrangement of parts in¬ 
volved in the demonstration to bo given in Constitu¬ 
tion Hall next Thursday evening. As a matter of 
fact, all the scientific material has been or will be in¬ 
corporated in various technical papers. Further, the 
demonstrations which Dr. Harvey Fletcher is propos¬ 
ing to give at the time of the Thursday demonstration 
will be more illuminating than anything which I could 
hope to reproduce here. 

All that I propose to do, therefore, is to outline 

1 Presented to the annual meeting of the National 
Academy of Sciencos, Washington, D. 0., April 25. 


briefly the fundamentals of the problem, the extent 
to which we have succeeded in solving them, and the 
general arrangement of parts which will bo employed 
in the transmission and reproduction of a complete 
symphonic concert from the stage of the Academy of 
Music in Philadelphia to the stage of Constitution 
Hall in Washington. 

For the perfect pick-up, transmission and reproduc¬ 
tion of orchestral music a system is needed, such that 
the sound reproduced in the ears of the listener is 
the some as that which would be produced in his ears 
if he were listening to the orchestra directly. In other 
words, the frequency, intensity and phase relations of 
the sound in each ear must be accurately reproduced 
in order best to convey the frequency and intensity 
range of the sounds and the spatial relations of the 
instruments. So far as we now know, this can be done 
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only by means of a binaural telephone system, using 
two head reoeivers for each listener. In other words, 
to obtain what might he called an acoustic facsdmile, 
a separate telephone system must he used for each ear 
of the listener. Such an arrangement was necessarily 
employed in working out the arrangements which have 
been developed, although for obvious reasons it was 
never contemplated that such a system could ever be 
used for a general audience. 

Although such a facsimile can not be produced by 
means of loud-speaking telephones, it is possible by 
their means to reproduce music which has auditory 
perspective, and which in many ways gives just as 
pleasing an effect as though it were a perfect fac¬ 
simile. As an illustration of how this might bo ac¬ 
complished, it is possible to imagine a system of 
microphones and sound projectors which will ap¬ 
proach facsimile reproduction as follows. 

Suppose the stage of the music hall is acoustically 
insulated so that the only sound reaching the audience 
is that coming through the opening occupied by the 
curtain when it is lowered. If now a large number 
of microphones are distributed over the plane occu¬ 
pied by the curtain when it is lowered and each micro¬ 
phone is connected to a loud speaker similarly placed 
before the audience where the music is to be repro¬ 
duced, then if the microphones, the loud speakers and 
the connecting lines have the right characteristics, the 
audience should receive sound which is a very close 
approximation to tlio original. In such a system the 
microphones must be so small as not to interfere with 
tlie free passage of the sound wave^ and must pro¬ 
duce an electrical facsimile of the sound waves in 
front of tliem. Similarly, each of the connecting lines 
must be distortionless. The loud speakers must be very 
small and must produce an acoustic facsimile of the 
electrical waves. At the present time, we do not know 
how to produce loud speakers of this character. Even 
if we did know how to produce them, the expense in¬ 
volved would be prohibitive on account of the amount 
and complexity of apparatus required and of the cost 
of the multi-channel connecting lines. Fortunately, 
however, experience has shown that a very close ap¬ 
proximation to complete facsimile reproduction can be 
obtained by using a three-channel system. With such 
a system the auditory illusion is substantially complete 
except for those persons sitting very near to the stage. 

Broadly speaking, the frequency range which is 
needed to secure perfect reproduction is the entire 
frequency range that is audible to the human ear. 
However, tests with reproduced orchestral music have 
shown that the elimination of the frequency range be¬ 
low 30 or 40 cycles per second and that above 15,000 
cycles per second is hardly detectable. These elimi¬ 


nated frequencies are very close to the audible limits 
for the average person. 

A full-siaed symphonic orchestra is capable of pro¬ 
ducing sound through an intensity range of about 65 
or 70 db. For perfect reproduction any eleotrioal 
system to he satisfactory must be capable of handling 
an intensity range of at least this amount. The range 
that a system can handle is determined by the differ¬ 
ence between the noise level and the overload level. 
When a system capable of handling a gi^ater intensity 
range than that ordinarily produced by an orchestra 
was finally developed musicians were quick to take 
advantage of it as a means of increasing the sound 
intensity during crescendo passages above normal and 
in decreasing the intensity dui*ing vei*y soft passages 
below normal. This indicates apparently that the in¬ 
tensity range, wliich an ideal system should bo capable 
of handling, is set by the range between the loudest 
sounds that a listener can hear comfortably and the 
faintest sounds that he can hear in a quiet audience. 
This range is somewhere between 80 and 100 db, de¬ 
pending upon the character of the music. Roughly, 
such an ideal system will produce maximum sounds 
in crescendo periods about ten times as loud as those 
which a one hundred piece orchestra is capable of 
producing directly. 

Chabacteeistics of the Pick-up Mickophones 
EmPLOVKD and ThKIB IjOCATION 

The characteristics of the microphones which have 
been developed for this reproducing system are de¬ 
scribed in two papers entitled, ‘^Moving-Coil Tele¬ 
phone Receivers and Microphones,” by Wente and 
Thuras, and “A Sensitive Moving-Coil Microphone of 
High Quality,” by Thuras. 

Characteristics of Loud Speakers Employed and 
Their Location 

Each loud speaker assembly employed in reproduc¬ 
ing transmitted music consists of three units. One of 
these units is of large dimensions and is designed for 
the perfect reproduction of frequencies below 300 
cycles per second. The remaining two units, which 
are small and alike, are designed for the perfect re¬ 
production of all frequencies above 300 cycles per 
second. These two small units are mounted on top of 
the low frequency unit and the oomhination of the 
three units is so designed and arranged that the entire 
frequency band of sound is distributed uniformly 
throughout the hall. 

CHABACTEaiSTlOS OF PoWER AmPUFIERS 

Time does not permit any detailed desoiiption of 
the power amplifiers which it is necessary to 
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in order to obtain the requisite amount of energy. 
Safifioe to say, these ampliflers must have substantially 
flat ampliflcation oharaDteristics for all frequencies at 
all intensity levels and must be capable not only of 
maintaining continuously those oharaoteristics for the 
normal sound range of the orchestra, but must also be 
capable of handling for short periods and without 
distortion the greatly increased sound range in cres¬ 
cendo passages. 

Quasi-Binaurai. Arrangement Employed 
As is shown in Fig. 1, three complete channels are 
used. Each channel consists of a microphone, ampli¬ 
fier, volume control, connecting line and loud speaker. 


Hall. The volume control which Dr. Stokowski will 
use permits of changing the three channels simulta¬ 
neously as a group or of changing each individually 
as ho may elect in order to obtain any desired tonal 
coloring. 

The response charaoteiistio of the overall system is 
obviously dependent upon the acoustic properties of 
the rooms in which the sounds are picked up and re¬ 
produced. In order to obtain a proper overall char¬ 
acteristic, the loud speakers were put on the stage 
at the Academy of Music and connected to an elec¬ 
trical oscillator. The pick-up microphones were hung 
in their proper positions in front of the stage. The 
electrical power developed by the transmitters was 
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In the Academy of Music in Philadelphia, the micro¬ 
phones are placed about ten feet ui front of the stage 
and ten or twelve feet above the floor. These micro¬ 
phones are connected to loud speakers in correspond¬ 
ing positions on the stage of Constitution Hall, i.e., 
the microphone at the left of the Philadelphia stage 
connects to a loud speaker at the left of the Wash¬ 
ington stage, etc. Thus, the three channels, left, cen¬ 
ter and right, reproduce the sounds arising in cor¬ 
responding positions on the Philadelphia stage. 

Method of Volume Control which Dr. 
Stokowski Will Empix)t 

In the systeiv to be demonstrated in Constitution 
Hall Thursday evening, provision is made for Dr. 
Stokowski to control the volume of sound from the 
loud speakers on the stage of Constitution Hall while 
seated at a monitoring position in the audience at 
Constitution Hall. He will also have facilities for 
communicating directly with the orchestra on the stage 
at the Acadetny of Music in Philadelphia. The gen¬ 
eral features of the plan for the demonstration are to 
transmit without change the program to Washington 
as it is picked up at Philadelphia. The unchanged 
program coming to Washington may then be changed 
at mil by means of the volume control before reach¬ 
ing the loud speakers on the stage of Constitution 


compared with the electrical power supplied to the 
loud speakers for sinusoidal waves in the frequency 
range 40 to 15,000 cycles per second. The system was 
then equalized so that the power ratio was a constant 
over the entire frequency range. Since each channel 
of the system is capable of furnishing a steady 
acoustic power of at least 35 watts at any frequency 
in the entire range, the three channels together are 
capable of furnishing at least 100 watts of power. 
In the middle of the frequency range several times 
this amount of power can be produced without dis¬ 
tortion. When the energy frequency distribution of 
orchestral music is taken into account, it turns out, as 
was indicated earlier, that the system is capable of 
magnifying the total sound output of a one hundred 
piece orchestra about tenfold. 

Audible Frequency Range fob Music, Speech and 
Noise ^ 

Ag a matter of passing interest. Fig. 2 shows the 
audible frequency range for speech and for various 
kinds of noises and musical instruments which the 
system is capable of reproducing without noticeable 
distortion. As will be seen, these freqncnoies extend 
from the deep low notes of the bass viol and bass 
tuba to the high frequencies emanating from the snare 
drum, cymbals, violin, oboe, footsteps, hand-clapping 
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and key-jingling*, all of which are substantially near 
the upper limit of audible frequency for the average 
human ear. 


Tbansuission Linas 

The general route of the transmission lines, together 
with the location of the repeater or amplifier stations, 
is shown on Fig. 3. The distance between Philadel¬ 
phia and Washington is approximately 140 miles and 
the transmission circuits are in lead-covered under¬ 
ground cable. 

This figure also shows in schematic form the three 
separate channels required for the system just de¬ 
scribed. It also shows in rough schematic the energy 
level variations along the line. As will be seen, the 
energy amplification at each repeater station is about 
50 db. In other words, at each repeater station the 
gradually weakened currents are enormously magni¬ 
fied to the end that the level of energy, as it is de¬ 
livered at Constitution Hall, will be substantially the 
same as that at the Academy of Music. 

The transmission lines themselves have substantially 
flat eharacteristics (~ 3 db) over the entire frequency 
range from 40 cycles to 15,000 cycles per second. 

Carrier transmission is employed between the tele- 
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phone toll offices in Philadelphia and Washinf^on, a 
distance of approximately 140 miles. The carrier 
band lies in the frequency range between 25,000 and 
40,000 cycles per second. 

Fig. 4 shows a schematic of the special program 
circuit employed. As will be seen in this schematic 


and very stable with respect to wide power variations. 
The gain at each repenter is about 50 db. An impor¬ 
tant feature at each repeater point are the equalizers 
to adjust the degree of amplification proportional to 
the line loss for the different frequencies. This is 
essential since, as is well known, the higher frequen- 
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Fig. 4 


and as will be referred to in a moment, accurate con¬ 
trol of frequency and phase throughout the system 
and at its terminations is obtained by employing at 
the sending end a 20 kilocycle oscillator, part of 
whose output is transmitted over each of the three 
transmission channels. The 40 kilocycle carrier re¬ 
quired for modulating at the transmitting end and 
for demodulating at the receiving end is obtained by 
employing a frequency doubling device at each ter¬ 
minal. 

LaNE Layout 

Three 16-gauge (1.29 mm) non-loaded pairs in an 
underground toll cable between Philadelphia and 
Washington are employed. Spare circuits are pro¬ 
vided. Normally, the telephone circuits operated 
through this cable require only two intermediate re¬ 
peater points (EJkton and Baltimore). Because of 
the extra high frequency transmission required in this 
music reproduction, three additional points (Holly 
Oak, Delaware, Abingdon and Laurel, Maryland), 
have been established, located as shown between exist¬ 
ing repeater points and the terminals. 

Repeaters or Amplifiers 

Each repeater has been especially designed so as to 
be subst^tially free from distortion or non-linearity 


cies suffer a much greater attenuation during transmis¬ 
sion over a cable circuit than do the lower frequen¬ 
cies. Without these equalizers enormous distortion 
would result. 

One new repeater point (Holly Oak) is established 
in an existing telephone office. At two other points 
(Abingdon and Ijaurcl) temporary huts have been 
erected to house the demonstration repeaters. 

Carrier Apparatus 

The earner system employed is single sideband with 
the carrier frequency at 40 kilocycles and lower side¬ 
band transmission. In order, however, to obtain satis¬ 
factory transmission of the very low musical frequen¬ 
cies, what is known os ‘^vestigiar^ sideband transmis¬ 
sion is employed. This means that the unwanted (i.c., 
upper) sideband is not entirely suppressed in the 
neighborhood of the canripr but is allowed to pass 
through the circuit to some extent so as to help out 
in the preservation of the low notes. This type of 
transmission circuit requires very careful attention to 
phase relations in filter design and accurate phase 
control of the carrier current which is supplied to the 
demodulator circuit in respect to that supplied to the 
modulator. As has already been mentioned, this is 
accomplished by transmitting some of the special con¬ 
trol frequency of 20 kilocycles over each transmission 
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line, together with the masic band. This transmitted 
20 kilocycle control current is used at the receiving 
end by a frequency doubling device to supply the ac¬ 
curately phased carrier needed for demodulation. 

Noise 

As has been referred to earlier, noise entering the 
transmission system is a limiting factor in determining 
the extent to which low level sounds can be trans¬ 
mitted and reproduced. Noise can reach a cable cir¬ 
cuit in either of two ways, (a) It may enter the 
cable through the sheath from radio or power fields 
through which the cable passes, or (b) it may enter 
the cable at the ends or intermediate points along 
other circuits in the cable which are operating m a 
lower frequency range. 

So far as (a) is concerned at the frequencies em¬ 
ployed and for the transmission levels used, this par¬ 
ticular Philadelphia-Washington cable is quiet and 
was found to require no special arrangements. 

With respect to (b) the repeater layout is such that 
it was not necessary to take special steps, except at 
Baltimore. Here the volume levels from the north 
Were sufficiently low so that high frequency noises 
produced in the office as a by-product chiefly of tele¬ 
graph and switching operations passed into the cable 
over working circuits and cross-talked into the pairs 
used for the special broad band transmission. To 
prevent this the cable north was ‘^isolated” from the 
office by putting choke coils m cveiy pair in the 
oablc. These choke coils are non-inductive to ordi¬ 
nary telephone or telegraph currents. They are in¬ 
ductive, however, to currents flowing over any of the 
conductor systems to ground. 

Local CiRcmTs 

The carrier apparatus is located in the toll ter¬ 
minal offices at Philadelphia and Washington. Small 
gauge equalized underground cable circuits are used 
between the Academy of Music and the telephone 
office in Philadelphia and similarly at Washington 
between the telephone office and Constitution Hall. 

Auxiliary Features 

As has been previously mentioned, spare circuits 
are available in the cable to substitute in the event 


of any breakdown of the regularly'assigned earner 
pairs. Secondary spares of slightly lower frequency 
range capacity have also been provided in another 
cable to be available in the remote possibility of some¬ 
thing happening to oompletidy disrupt the cable carry¬ 
ing the regular oircuits. 

SUMKARY 

In conclusion, all that need be pointed out is that 
the system just described is one designed for the re¬ 
production in auditory perspective of symphonic or 
other music to an audience. Because of its multi¬ 
channel character and its wide range of frequency 
and energy capacity, it is not readily adaptable for 
use in small rooms. While theoretically susceptible 
of employing any set of transmission channels capable 
of handling the desired frequency and volume range, 
it is at least in the present state of the art restricted 
essentially to wire transmission systems. This restric¬ 
tion arises from three main sources; (1) The ability 
to free the system against extraneous electrical or noise 
disturbances which at times so frequently mar radio 
transmission. (2) The uniformity with which trans¬ 
mission characteristics can be maintained and the rela¬ 
tive ease with which the effects of attenuation can be 
overcome by intermediate repeaters. (3) The fact 
that under existing statutory regulation of radio it is 
impossible to secure clear channels of a frequency 
band requisite for the complete transmission of all 
the fundamental and overtone frequencies produced 
throughout the full range of musical instruments and 
the human voice. 

Whether for local or distance use, the easily con¬ 
trolled and very tremendous volume ranges which the 
apparatus is capable of handling without distortion 
have placed in the hands of the musical director an 
implement for tonal effects not hitherto attainable. 
What the future use of the system in all its parts is 
likely to be will depend in large measure not only on 
the extent to which it is desirable to produce perfect 
music iu auditory perspective at a distance remote 
from the source but likewise on the extent to which 
musical composers and directors And it effective in 
producing artistic effects beyond the capacity of the 
largest orchestras or choruses. 


OBITUARY 


ARTHUR ROLLICK 

1857-1933 

D». (Charles) Arthur Hollick was born in 1867, 
the son of Frederick and Eleanor Eliza (Bailey) 
Hollick. He graduated from the Columbia School of 
Mines, 1879, and from the George Washington Uni¬ 


versity in 1897 with the doctor's degree. He married 
Adeline Augusta Talkington in 1881. Although soieU'^ 
tiffoally he was a paleobotanist of dietinotioii, he 
flUed many public offices, alnoe he was a man of wide 
human interests. He was a member of the City of 
New York Board of Health from 1888 to 1898, a 
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member o£ the New York State Board of Education 
from 1907 to 1010, and of many local public services 
during the whole course of his life. 

His aeademio positions were as follows: Tutor and 
fellow of Columbia University in geology, 1890- 
1900; curator of fossil botany, Columbia University, 
1900-13; honorary curator, 1914r-21; paleobotanist, 
New York Botanical Garden, 1921 to the time of his 
death; geologist to the United States Geological Sur¬ 
vey; director of the Board of Education of New York 
City, 1907-10, He belonged to a large number of 
scientific organisations, including the New York Acad¬ 
emy of Sciences, the Torrey Botanical Club, the 
Staten Island Institute of Arts and Sciences, the 
Geological Society of America, the Paleobotanical 
Society of America, the Botanical Society of America, 
etc. 

His main scientific activities were in connection 
with fossil plants, and his first contribution was the 
editing of “The Later Extinct Floras of Nortii 
America," left in form of notes by J. S. Newberr5^ 
He published during his active years a large number 
of papers on paleobotany, covering the Mesozoic and 
later floras. His most notable contributions were on 
the Cretaceous floras of New England, which were 
summarized as an important Memoir of the United 
States Geological Survey. Another extremely im¬ 
portant and indeed classic contribution was on “The 
Fossil Flora of Alaska," which appeared a short time 
before his death. Not only was he the author of in¬ 
numerable papers on fossil plants, but he acted 
officially in the paleobotanical publications of Puerto 
Rico, Louisiana, Maryland, New Jersey, New York 
State Museum and the Dominion of Canada. He was 
likewise a contributor to several general works, in¬ 
cluding the articles on paleobotany and fossil plants 
in the new International Cyclopaedia and also the 
Encyclopaedia Americana. 

Hollick was a singularly lovable man and it was a 
great pleasure to make visits to the field in his com¬ 
pany. The present writer recalls the happy days 
spent in thi^^ way on Staten Island, Long Island, 
Martha’s Vineyard, the coast of New Jersey, etc. He 
was an indefatigable collector and was physically 
almost tireless. He would walk for hours through 
mud and rain and other discomforts in search of new 
discoveries in Ms favorite field, A not infrequent 
experience in paleobotanical excursions is dirt and 
discomfott (including parasites)* These he endured 
most philosophically and the tedium which invariably 
arose at times was relieved from the rich store of his 
exx>erienees. His last excursion was in Cuba, where 
he rode many hundreds of miles on horseback in the 
eompany of a good Spanish offioer of the Church, 
who was at the same time a geologist He returned 
tn>Bi thb last excursion apparently in the best of 


health, but unfortunately soon developed a malignant 
malady which was unsuccessfully operated on, and 
he passed away with traumatic pneumonia. 

Dr, Hollick has left an enduring mark on American 
paleobotany, and particularly his works on the fossil 
floras of New England and Alaska will long stand as 
classic contributions to the subject. It has been for 
years a deplorable fact that too little interest has been 
devoted to the important subject of fossil plants in 
the United States. The older generation was passing 
and there were almost no promising successors. For¬ 
tunately at the present time this tendency has been 
corrected, and now a considerable number of young 
men of ability are taking up the study of extinct 
plants. In spite of the prevailing mechanistic 
tendencies of the hour, it is indubitable that paleontol¬ 
ogy occupies the same position on the intellectual side 
of biology that the ancient classics do in literature. 
There seems to be no doubt that the depth and back¬ 
ground furnished by the study of extinct forms is 
an invaluable preparation for biological studies of 

E.C.JEm«T 

MEMORIALS 

A FiuKND of the late Olive M. Lammert, formerly 
professor of chemistry at Vassar College, has gWen 
$4,000 to establish the Olive M. Lammert fund to 
further the work in physical chemistry, and $1,000 
for additional equipment in the precision laboratory, 
in which»this work is carried on. The rooms in the 
Sanders Laboratory set aside for this field of study 
will be designated the Olive M. Lammert Laboratories. 

At a memorial meeting for the late Professor Wil¬ 
liam Henry Holmes, held in the National Museum on 
April 22, the following resolution was passed; 

Whxbeas: Notice of the paasiug of our colleague and 
friend, Professor William Henry Holmes, which occurred 
at Boyal Oak, Michigan, on April 20, 1933, has been re¬ 
ceived with deep sorrow by members of the Smithsonian 
Institution and his other associates and friends; be it 

Resolved: That we, assembled here to do honor to him, 
offer our tributes to this eminent man of scienee in whom 
the various phases of both art and science were fused to 
a degree seldom given in one man. Art, science and 
technic were the agencies he applied to the elucidation 
of his favorite science, anthropology. His passion for 
pure art is seen in his palnti^s which are poetical tran¬ 
scriptions of nature, not only portraying nature but re* 
veaiing his inmost soul; 

That his scientific writings and explorations form per¬ 
manent contributions to the sum of human knowledge; 

That we here record our sense of loss at the passing 
of Professor Holmes and extend to his family our sym- 
pat&y in their sorrow. 

Aooordiho to the London rimes the himd ro d th an- 
nivenaiy of the death of Riehard Tievithiek, the 
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pioneer of the steam locomotive, on April 22, 1833, 
was celebrated on that day by a demonstration in 
Camborne, Coniwall. On April 23 a memorial service 
took place at 11 a.m. in the parish church of Dartford, 
Kent, where Trevithick died. The service was con¬ 
ducted by the vicar, the Rev. Klhott Mitchell, and 
the preacher was the Bishop of Rochester. An ad¬ 
dress on “The Life and Work of Richard Trevithick” 
was given by L. St. L. Pcndred, past president of the 
Institution of Mechanical Engineers, and a chaplet 
was deposited at the foot of the Trevithick Memorial 
Tablet. At a service in Westminster Abbey special 
mention of the great engineer was made by the Arch¬ 
deacon of Westminster in his sermon and a chaplet 
was placed below the Trevithick Memorial Window in 
the North Aisle. A memorial service was also held at 
Tregajorran Methodist Chapel, near Cam Brea, Corn¬ 
wall. The chapel is on the site of Trevithick’s birth¬ 
place. On April 24 a memorial lecture was delivered 
at the Institution of Civil Engineers by Professor 
C. E. Inglis. Sir Murdock MacDonald, president of 
the institution and chairman of the executive com¬ 
mittee of the commemoration, presided. 


RECENT DEATHS 

Dr. William Ophuls, professor of pathology and 
dean of the -Stanford University Medical School, died 
on April 27. He was sixty-one years of age. 

Dr. Henry Smith Munroe, formerly a professor 
of mining at Columbia University, from 1877 until 
he became emeritus in 1915, died on May 4. He was 
eighty-three years old. 

Dr. Jerk Williams Lord, for thirty-one years 
clinical profes.sor of dermatology at the Johns Hop¬ 
kins Medical School and consulting dermatologist at 
the time of his death, has died at the age of sixty-nine 
years. 

Professor Ernest William Hobson, formerly 
Sadlciriun professor of pure mathematics in the Uni¬ 
versity of Cambridge, died on April 18, at the age of 
seventy-six years. 

Dr. George Herbert Palmer, professor of philoso¬ 
phy at Harvard University from 1873 until he became 
professor emeritus in 1913, died in Cambridge on May 
8, at the age of ninety-one years. 


SCIENTIFIC EVENTS 


REPRESENTATION OF MUSEUMS AT THE 
CENTURY OF PROGRESS EXPOSITION 

Museums from coast to coast and in Canada are 
arranging, as reported in Museum News, to send rep¬ 
resentatives to the Chicago meeting of the American 
Association of Museums, June 12 to 14. Some mu¬ 
seums at a distance which can not pay the traveling 
expenses for memliers of their staffs are granting a 
week’s extra vacation with pay for attendance at the 
meeting; and one museum is allowing this extra week 
and a week of the regulaT* vacation to be taken con¬ 
secutively. From hotel headquarters cx>m6S a re¬ 
newal of notice that reservations should be made 
before May 15 in order to secure the best rates. 

Railroads are making special rates for visitors to 
Chicago and there are indications that still further 
inducements to tJie World’s Fair will be available to 
travelers from certain quarters. Prospective dele¬ 
gates should make inquiry of local railroad agents. 
Under some circumstances round trips to Chicago 
may be made for only ten per eerit, more than one 
way fares. 

The program of the meeting, including the pro¬ 
grams of ton sections, will occupy three days and will 
include sessions at the Chicago Historical Society, the 
Art Institute of Chicago, the Field Museum of Nat¬ 
ural History and the Chicago Academy of Sciences. 
Most of those attending will spend some days before 
or after the meeting in visiting the other museums of 


Chicago and the World^s Fair. There is the Adler 
Planetarium and Astronomical Museum and the 
Shedd Aquarium, both with new buildings near the 
entrance to the exposition. Museum News calls at¬ 
tention to the fact that at the other end of the fair 
grounds is the new Chicago Museum of Science and 
Industry which will have in operation a coal mine in 
which 6,000 people daily may witness an unparalleled 
venture in realistic museum exhibition, including the 
illusion of a drop down a shaft and miles of travel 
underground past moving curtains. There is also the 
Oriental Institute Museum with its new building. The 
Century of Progress Exposition will have museum 
features—in its science building and elsewhere— 
which will be worth observing also. 

Probably the greatest loan exhibition of art ever 
shown in America will be on display at the Art Insti¬ 
tute of Chicago, which has been oommissioned to 
assemble the official art exhibition of the World’s 
Fair. The Art Institute is preparing a 300-page 
catalogue of the exhibition. 

DEATHS FROM ASPHYXIATION 

As a first step in a nation-wide educational pro¬ 
gram designed to reduce the number of avoidable 
deaths from the various forms of asphyxiation, an 
all-day state conference on the problem will be held 
on May 24, at the New York Academy of Medicine. 
Dr. Chevalier Jackson is chairman of the medical ad- 
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visory board of the Society for the Prevention of 
Asphyxial Death, which is calling the conference. 
The meeting will be held under the auspices of the 
public health relations committee of the New York 
Academy of Medicine. 

The morning session will include an address by Dr. 
Shirley W. Wynne, commiBsioner of health of the 
City of New York, on vital statistics relating to 
asphyxia, with Dr. Haven Emerson, of Columbia Uni¬ 
versity, opening the discussion; Dr. Harrison P. Mart- 
land, medical examiner of Essex County, New Jersey, 
will present medical examiners’ findings in asphyxial 
cases, with discussion opened by Dr. Thomas A. Gon¬ 
zales, deputy chief medical examiner of New York 
City; Albert W. Whitney, associate general manager 
of the National Bureau of Casualty and Surety Un- 
der^vriters, will speak on the economic aspects of 
asphyxial mortality, with discussion by Leon Senior, 
manager of the Compensation Insurance Rating 
Board; Chief Surgeon Daniel J. Donovan, of the 
New York City Police Department, will explain 
through motion pictures the first-aid resuscitation 
methods used by the department. 

Dr. Chevalier Jackson, of Philadelphia, will open 
the afternoon session with a paper on the funda¬ 
mentals of laryngoscopy as applied in resuscitation, 
with discussion led by Dr, Charles J. Impcraton, 
professor of laryngology at the New York Post- 
Graduate Medical School and Hospital; Dr, Yandcll 
Henderson, professor of applied physiology at Yale 
University, will present the fundamentals of gas 
therapy os related to the use of oxygen and carbon 
dioxide in resuscitation, with discussion opened by 
Dr, Dayton J. Edwards, associate professor of physi¬ 
ology at Cornell Medical College. 

Dr. Edmund B. Piper, professor of obstetrics, Uni¬ 
versity of Pennsylvania Medical School, will show the 
practical application of laiyrngoscopy and gas therapy 
in tlfe treatment of the asphyxiated, with discussion 
led by Dr. H. J. Stander, professor of obstetrics and 
gynecology at the Cornell Medical College; Dr. Pol. 
N. Coryllos, professor of clinical surgery at Cornell 
Medical College, will give the principles and prac¬ 
tise of the negative pressure cabinet in the treatment 
of asphyxia; Dr. John F, McGrath, vice-president of 
the Society for the Prevention of Asphyxial Death, 
will suggest ways and means of applying the im¬ 
proved resuscitation principles to medical and hos¬ 
pital practise. 

A report preliminary to the conference has been 
issued by the Society for the Prevention of Asphyxial 
Death, of which the directors are: Dr. Paluel J. 
Fla^, president; Dr, Cornelius J, T3rson, medical di- 
reotor, St, Vinoeit’s Hospital; Dr. Joseph D. Kelley; 
Dr, John F. McGrath, of the New York Hospital- 


Comell Medical Center, and Dr. George W. Cumbler, 
of the Neurological Institute of the Presbyterian 
Hospital-Columbia Medical Center. 

The report calls attention to the ^^alarming and 
needless loss of life through neglect and improper 
treatment of asphyxial cases.” More than 60,000 
deaths from asphyxia, many of which are prevent¬ 
able, occur annually in the United States, with ap¬ 
proximately 2,800 deaths occurring each year in New 
York City alone. The death rate from this cause in 
New York City is twice that from automobile acci¬ 
dents, eighteen times that from diphtheria and nearly 
forty times that from typhoid. Of the total of 6,579 
infants stillborn in New York City in 1931, ajiproxi- 
mately one fourth may be classed as having been 
capable of response to resuscitation properly applied. 

THE DEDICATION OF THE GEORGE EAST¬ 
MAN LABORATORIES AT THE MASSA¬ 
CHUSETTS INSTITUTE OF 
TECHNOLOGY 

Chemists and physicists gathered at the Massachu¬ 
setts Institute of Technology on May 1 for the 
dedication of the great George Eastman Research 
Laboratories. President Karl T. Compton, of the 
institute, made the address of welcome to a large 
gathering of official delegates from scientific and en¬ 
gineering organizations and various educational insti¬ 
tutions in this country and abroad. 

In an address on Science at the Massachusetts 
Institute of Technology,” Dr. Samuel C. Prescott, 
dean of science, reviewed the contributions of the in¬ 
stitute to the progress of science and commented upon 
its present status and prospects for the future. 

Dr. Harry M. Goodwin, dean of the Graduate 
School, discussed the field of advanced education at 
the institute, while Dr. Frederick G. Keyes, head of 
the department of chemistry, discussed the signifi¬ 
cance of chemistry. The address of Dr. John C. 
Slater, head of the department of physics, described 
education and research in physics. 

Following the morning meeting, which was held in 
the main lecture hall of the new building, there was 
an inspection of the various laboratories of physios 
and chemistry, followed by a luncheon. 

The exercises included the dedication of a tablet at 
the entrance to the present Rogers Laboratory of 
Physics, commemorating the establishment in 1869 by 
William Barton Rogers, founder of the institute, of 
the first physical laboratory for purposes of instruc¬ 
tion* 

Many of the official delegates to the dedication, rep¬ 
resenting scientific societies and educational institu¬ 
tions, attended a reunion dinner of the Researoh Lab¬ 
oratory of Physical Chemistry in the Forris Jewett 
Moore Room. The dinner was given in honor of Dr. 
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Arthur A. Noyes, founder of the laboratory and act¬ 
ing president of the institute from 1907 to 1909, now 
director of the Gates Chemical Laboratory at the Cali¬ 
fornia Institute of Technology. 

The program in the afternoon included a meeting 
at which Dr. Arthur II. Compton, of the University 
of Chicago, descril>ed the latest work on the origin 
and nature of the cosmic rays. At this meeting Dr. 
Charles A. Kraus, professor of chemistry at Brown 
University, made an address on “Thirty Years of 
Physical Chemistry/' 

At the conclusion of the afternoon meeting the in¬ 
spection of laboratories was resumed, after which the 
visitors attended a tea in the Forris Jewett Moore 
Koom. In the evening they were the guests at a pri¬ 
vate dinner in Walker Memorial, and later attended a 
reception by President Compton and members of the 
staff of the new laboratories. 

PROFESSOR EINSTEIN 

As SciENOK has reported, the French Government 
has offered its hospitality to Professor Einstein, and 
for this purpose has created a chair of mathematical 
physics at the College of France. This has been offered 
to Professor Einstein, who has accepted the call. 

The Ijondon Times states that the creation of this 
new chair required legislation, and a bill was hastily 
prepared by the Ministry of Education. It was intro¬ 
duced into the Chamber by M. de Monzie, the respon¬ 
sible minister, and was rapidly passed through all the 
necessary stages before the deputies separated for 
the recess. 

In the preamble to the bill M. de Monzie recalled 
as a precedent the action of the French Government 
in 1840 in creating a Chair of Slavonic Literature for 
the Polish poet Adam Mieckicwicz, then in exile, and 
declared that the Third Republic should show itself 
to be at least as liberal as the July Monarchy. The 
chair was destined for the occupation of a foreign 
savant who would find in the foundation of Francis I. 
the spiritual liberty and serenity necessary to his 
labors and the weloome duo to his genius. 

At the close of a brief discussion of the measure 
in the Chamber M. Daladier asked the deputies to 


associate themselves with the government in passing 
the bill and thus honor not only a man of genius but 
a man of courage. The measure was unanimously 
adopted. 

Professor Einstein has addressed the following 
open letter to the Pinissian Academy of Sciences, 
from which he recently resigned: 

1 have received from absolutely reliuble sources the 
report that the Academy of Bcioiicos, in an official dec¬ 
laration, spoke of the '^participation of Albert Einstein 
in tlie atrocity campaign in America and Franco.'' 

I hereby declare that I have never taken part in any 
atrocity campaign, and I must add that I have seen noth¬ 
ing whatsoever of such a campaign. In the vast major¬ 
ity of cases people contented themselves with repeating 
and commenting upon official declarations and decrees 
of responsible persons in the German Government as well 
as the program for the economic destruction of the Ger¬ 
man Jews. 

The information I have given to the press was that 1 
would resign my position in the a<^adoiny and surrender 
my rights of German citizenship; I gave os ray reason 
the fact that I did not want to live in a country where 
equality before the law and freedom of speech and of 
teaching were not granted to the individual. 

In addition I explained the state of present-day Ger¬ 
many as one of psychic illness in the masses and said 
something about the causes. In an article which I gave 
for circulation purposes to the International League for 
Combating Anti-Bomitlsm, and which was in no way in¬ 
tended for the press, 1 further summoned all thoughtful 
people who remain true to the ideals of a threatened 
civilization to do everything possible to prevent this mass 
psychosis, which had manifested itself in such an appall¬ 
ing way in Germany, from spreading further. 

It would not have been difficult for the academy to 
have acquired a proper text of my statements before 
talking about me in the way it has done. The German 
press has misrepresented my statoments in a tendentious 
manner, as is only to be expected in view of the present 
gagging of the press. * 

I stand by every word I have uttered. But I expect 
in return that the academy—^particularly as it has con¬ 
tributed to my defamation before the German public— 
should put this statement of mine before its members 
and the German public before whom I was calumniated. 


SCIENTIFIC NOTES AND NEWS 


Db. James B. Conant, Sheldon Emery professor of 
organic diemistry, was on May 8 elected president of 
Harvard University by the corporation to succeed Dr. 
A. Lawrence Lowell. 

At a meeting of the board of trustees of the Amer¬ 
ican Museum of Natural Histoi^ on May 1, a resolu¬ 
tion was adopted directing that the hall which houses 
the ooUeetion of the Pleistocene period be known as 


the “Osborn Hall of the Age of Man/’ in recognition 
of Dr. Osborn’s “untiring devotion to vertebrate 
paleontology.” At this meeting a portrait of Dr. 
Osborn by Mr. Julian Lamar was presented to the 
museum by the trustees. 

Db. Max Planok, professor of physics in the Uni* 
versity of Berlin, eelebrated his seventy-fifth hirtlH 
day on April 23. 
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pBOFSasaR D’AitdOKVAt recently retired from the 
chair of physiology at the Collie de France on the 
occasion of his eighty-flrst birthday. 

Thb Berlin correspondent of the Journal of the 
American Medical Association writes; “The recog¬ 
nized leader among German pharmacists, Professor 
Hans Horst Meyer, of Vienna, celebrated his eightieth 
birthday, March 17. At the age of twenty-nine he 
held the chair of pharmacology at the University of 
Dorpat, Estonia. From Dorpat he was called to Mar¬ 
burg; in 1904 he was given the chair of pharmacology 
at Vienna, and, refusing a call to Berlin, he held this 
position until he reached the age of enforced retire¬ 
ment. On his seventieth birthday, the Vienna Acad¬ 
emy of Sciences established the Hans Horst Meyer 
prize, which is bestowed every five years for the best 
research in the German language in the field of ex¬ 
perimental medicine. 

Ok the occasion of the celebration of a half-century 
of progress in dentistry at the University of Pennsyl¬ 
vania on May 8 the honorary degree of doctor of 
science was conferred on Dr. Herbert S. Jennings, 
director of the zoological laboratory of the Johns 
Hopkins University; Dr. Milo Heilman, professor of 
orthodontia at Columbia University and research as¬ 
sociate of the American Museum of Natural History; 
Dr. Leroy Matthew Simpson Miner, dean of the Har¬ 
vard Lental School, and Dr. Charles Root Tunier, 
dean of the Dental School of the University of Penn¬ 
sylvania. The doctorate of laws was conferred on i)r. 
Samuel P. Capen, chancellor of the University of 
Buffalo. Addresses were made by Professor Herbert 
8. Jennings on “The Biologist's Outlook on the 
World" and by Surgeon-General Hugh S. Cumming, 
U. S. Public Health Service, on “The Relationship of 
Dentistry to Public Health.” At the annual dinner 
addresses were made on “The Field of Dentistry,” by 
Dr. Lemy M. S. Miner; on “Dental Education,” by 
Dr. Samuel P. Capen, and on “The Dental School in 
the University,” by Dr, Thomas S. Gates, president of 
the University of Pennsylvania. 

The Mendel Medal, awarded annually by Villanova 
College to “a Catholic who has achieved distinction 
in the advancement of the sciences,” was presented 
on May 4 to Dr. Hugh S. Taylor, David B. Jones 
professor of chemistry and chairman of the depart¬ 
ment of chemistry at Princeton University. Rev. 
Edward V. Stanford, pr^ident of the college, made 
the presentation. 

Ymax M. Wabbubo has resigned as a member of 
the board of trustees of the American Museum of 
Natural History after a membership of twenty-three 
years. The vacancy has been filled by the election of 
Mr* Warburg's son, Frederick M. Warburg. John 


D. Bo<dce£elier, 3rd, has been elected to succeed Fred¬ 
erick E. Brewster, who resigned in January after 
serving for twenty years. 

Pbofessor J. T. J. Morrison, on his retirement 
from the chair of forensic medicine and toxicology at 
the University of Birmingham, has been elected by 
the Court of Governors emeritus professor and a life 
governor of the university. 

Dr. Ben no E. Lisoher, professor of orthodontics 
in the University of California, has been appointed 
dean of the School of Dentistry, Washington Univer¬ 
sity, St. Louis. 

Db. Soix>m:on Lbfschetz, professor of mathematics 
at Princeton University, has been appointed to the 
Henry Burchard Fine chair of mathematics to suc¬ 
ceed Professor Oswald Veblcn, now a member of the 
faculty of the Institute for Advanced Study. 

Dr. Henry McE. Knower, research fellow in the 
Osborn Zoological Laboratory at Yale University, has 
been appointed research associate in biology with the 
rank of associate professor. 

Dr, S. F. Hildebrand, senior ichthyologist of the 
U. S. Bureau of Fisheries, has been “loaned” to Mis¬ 
sissippi to make investigations on which to base a 
scientific program for fish conservation and propa¬ 
gation in Mississippi, following representations to the 
bureau from the State Fish and Gome Commission 
and the congressional delegation of that state asking 
for assistance in securing information on spawning 
seasons of the various fish. 

Dr. George M. Sutton, curator of birds at Cornell 
University, has left for the Chisos Mountains in the 
Big Bend Region of Texas, on a joint Cornell-Car¬ 
negie Institution bird-hunting expedition. 

New officers of the Western Reserve University 
Chapter of Sigma Xi include; Dr. Harold S. Booth, 
associate professor of chemistry, president; Dr. James 
Angus Doull, professor of public health, vice-presi¬ 
dent; Dr. Wilton Marion Krogman, associate pro¬ 
fessor of physical anthropology, secretary; Dr. Amos 
EEenry Hersb, assistant professor of biology, trea¬ 
surer; Dr, Webster G. Simon, professor of mathe¬ 
matics, and Dr. Bradley M. Patten, associate pro¬ 
fessor of histology and oinbryology, members of the 
nominating committee. 

At the annual meeting of the Boston Society of 
Natural History, held on May 3, the following officers 
were elected for 1933-1934: President, Charles H. 
Taylor; Vice-presidents, Nathaniel T. Kidder, Glover 
M, Allen, William M. Wheeler; Secretary, Clinton V." 
MaeCoy; Treasurer, Augustus P. Loring, Jr.; Trus¬ 
tees, Thomas Barbour, John A. Blanchard, William 
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L. W. Field, Ralph Hornblower, Frederic H. Ken- 
nard, John C. Phillips. At tlie same meeting the an¬ 
nual Walker Prizes in Natural History, offered this 
year for the best memoir on an> subject in the field 
of botany, were awarded to Lyman B. Smith, of Har¬ 
vard University, for Iiis paper on *‘Evolutionary Lines 
in the Bromeliaoeae/' and to George Hume Smith, of 
Indianapolis, for his paper on the **Anatomy of the 
Embryonic Leaf.” Alice A. Mackenzie, of Pittsburgh, 
Pennsylvania, received honorable mention for her 
paper entitled '‘A Pew Observations on Adaptations 
for Support Exhibited liy Plants.” 

Tiik Board of Directors of the Bache Fund, com¬ 
posed of I’rofessors PI. B. Wilson, W. J. V. Osicr- 
hout and Ileber D. Curtis, chairman, at their meet¬ 
ing in Washington on April 26, made grants as 
follows: To Miss Cecilia 11. P*ayne, Harvard College 
Observatory, Cambridge, Mass., for the determination 
of photograijhic magnitudes of southern stars; to 
Robert R. McMath, McMath-Plulbert Observatory, for 
motion picture researches on the .solar prominences; 
to Dr. Graham Edwards, School of Medicine, Univer¬ 
sity of Buffalo, for renal researches; to Dr. 0. J. 
Lee, Dearboni Observatory, for investigation of the 
spectra of faint stars; to Dr. J. Elery Becker, Iowa 
State College, J’or researelies on tlie protozoal para¬ 
sites of ground stpiirrels; to Dr. Michael Jleidel- 
berger, Presbyterian Hospital, New York, for the 
purchase of an interferometer for the study of pre¬ 
cipitin reactions. 

Dr. J()Y(3k (!lknnam Stkarns, professor of pl»ysic.s 
and mathematics at the University of Denver, has 
been given a grant of $300 from the Carnegie In¬ 
stitution and another for' the same amount from the 
Rumford Comniiltee, which he will use for further 
study of the cosmic ray. 

The Secretary of Agriculture, Henry A. Wallace, 
spoke before the P^rankhn Institute, Philadelphia, on 
May 9, the title of his address being ^‘Agriculture and 
Science.” He described the present situation of the 
scientific departments of the government, as well as 
the relationship of science to agriculture. 

Dr. John Campbell Merriam, president of the 
Carnegie Institution, delivered a James Arthur Foun¬ 
dation lecture on May 4, entitled “Time and Change 
in History.” 

Dr. George W. McCoy, director of the National In¬ 
stitute of Health of the United States Public Health 
Service, delivered a public address on April 27, under 
the auspices of the Lehigh University Chapter of 
Sigma Xi, on “Our National Defense against Dis¬ 
ease.” 


Dean George F. Kay^ head of the department of 
geology at the State University of Iowa, and state 
geologist of Iowa, lectured recently at the University 
of Rochester, Cornell University and Vossar College, 
on “Glaciation: the Background of Mississippi Valley 
Development.” 

Dr. E. W. Goodpasture, professor of pathology, 
Vanderbilt University School of Medicine, gave the 
annual address of the LaFayette Guild chapter of the 
Gorgas Medical Society at the University of Ala¬ 
bama, on April 28. The subject of his address was 
“A Medical Pageant.” Following the address, Dr. 
Goodpasture was made an honorary fellow of the 
Gorgas Medical Society. 

Dr. Alexander Primrose, formerly dean and pro¬ 
fessor of clinical surgery, University of Toronto Fac¬ 
ulty of Medicine, Toronto, delivered the seventh an¬ 
nual Donald C. Balfour Lecture in Surgery at the 
university on April 5. Dr. Primrose’s subject was 
“The Interrelation of Anatomy und Surgery.” The 
day was the one hundred and sixtli anniversary of 
the birth of Lister. 

Sir Frank Dyson, formerly Astronomer royal of 
Great Britain, wdio has arriied at (^apetown on a hol¬ 
iday in South Africa, addressed a meeting of the 
Astronomical Society of South Africa, giving a criti¬ 
cal summary of the work of his predecessors at 
Greenwich. 

All works of Dr. Franz Boas, professor of an¬ 
thropology in Columbia University, have been re¬ 
moved from the library of the University of Kiel. 
The wiitings of Professor Boas are particularly dis¬ 
tasteful to the Nazi, because of his opposition to the 
theory of “Nordic” or “Aryan” racial superiority 
which forms the basis of the National Socialist social 
philosophy. Professor Boas received the doctorate 
degree from Kiel in 1881 and was lost year given an 
honorary degree by the university. 

After a period of inactivity since 1918 the Ar¬ 
kansas Academy of Sciences held its annual meet¬ 
ing in Little Rock on April 14 and 15. The academy 
was organized and chartered by the state in 1917 and 
was active into 1918, but because of the war, activities 
were suspended until last fall wlien the organization 
was revived. The following officers were elected: 
President, D. M. Moore, University of Arkansas; 
Vice-president, C. F. Allen, Little Rock; Treasurer, 
H. II. Schwardt, University of Arkansas; Permanent 
Secretary, L. M. Turner, University of Arkansas. 

A GROUP of fifty-seven advanced and graduate stu¬ 
dents of the department of chemical engineering of 
the Ohio State University left Columbus on May 1, 
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on the twenty-seventh Annual Chemical Enginceruig 
(Eastern) Inspection Trip under the direction of Dr. 
James R. Withrciw, chairman of the department, and 
Assistant Professor Joseph H. Koffolt. They planned 
to visit plants in Rittman, Barberton, Akron, Cleve¬ 
land, Niagara Falls, N. Y., Rochester, New York City, 
Graaselli, New Jersey, Wilmington, Delaware, Balti¬ 
more, Maryland, and IHttsburgh, Pennsylvania. The 
industries visited included the paper'board industry, 
rubber industry, chemical stoneware, dirigible fabri¬ 
cation, paints, varnishes, insulators, high tension prob¬ 
lems, manufacture of tungsten ill aments, glass bulb 
blowing, hydroelectric power development, carborun¬ 
dum, petroleum refining, heavy chemical manufac¬ 
ture, manufacture of graphite, rayon, electrolytic 
caustic soda, chlorine, glass-lined equipment, silviu* 
salts, photographic films, sugar refining, dyes, chem¬ 
icals and intermediates, industrial alcohol, alcohol 
chemicals, the U. S. Bureau of Mines, Pittsburgh, and 
the Fuel Testing Laboratory of the Carnegie Insti¬ 
tute of Technology, Pittsburgh. 

to the National Itesearch Council since last 
October include three now appropriations from the 
Rockefeller Foundation: (a) A fund of $50,00(1 for 
the continuation of the general research aid fund 
which has been administered by the council since 1020, 
making a total of $320,000 provided by the foundation 
for this purpose, (b) A fund of $75,000 for the sup¬ 
port of the program of research in problems of sex 
which has been directed by the council since 1922, witli 
the aid of grants from the foundation now amounting 
to $735,000. (c) A further appropriation of $75,000 

has been made by the foundation to Biologiral Ab¬ 
stracts for the expense of the editorial work ol tins 
journal. This fund will be administered through the 
National Research Council. Altogether a total of 
$793,000 has been provided by the foundation toward 
the support of the Abstracts since the establishment 
of the journal, which began publication in 1920. The 
firm of E. R. Squibb and Sons has given the sum of 
$1,400 for the support of two fellows working in co¬ 
operation with the Committee on Drug Addict ion, one 
with the group engaged upon chemical investigations 


for the committee at the University of Virginia, and 
one with the group at the University of Michigan, 
which has charge of the physiological investigations 
of the committee. 

The late Dr. Alexander S. Monro, Vancouver, B. C., 
former president of the Canadian Medical Associa¬ 
tion, who died on August 12, 1932, bequeathed to the 
University of British Columbia a fund of $80,000 for 
medical research. The bequest will become available 
after the death of all beneficiaries of the will. 

Aocordino to the London TimeSj an oOicial decree 
issued by the commissarial burgomaster of Munich, 
Herr Fiehler, restricts all Jewish doctors in the 
Munich municipal hospitals (including most of the 
university institutions) to Jewish bodies in their dis¬ 
section work, and bans all Jijwish medical students 
from these hospitals. 

The transmission of weather maps by teletype, over 
a mileage of airways which already amounts to about 
13,000 miles, is a new feature introduced in the 
weather service in the United States through a co¬ 
operative arrangement made between the Weather 
Bureau of this department and the Department of 
Commerce. Such transmission is a valuable improve¬ 
ment in the efficiency of weather service for air traffic 
of all kinds, says the Weather Bureau. For the pur¬ 
pose of the teletype distributing system the country 
is divided into three regions, for which Cleveland, 
Kansas City and Oakland, Calif., serve as distributing 
centers. At these centers Weather Bureau personnel 
prepare base weather maps every four hours for the 
respective regions. These base maps are then given to 
teletype operators of the Department of Commerce, 
who place them in a teletypewriter and type on them 
symbols representing ceiling, visibility, lines of equal 
barometric pressure, etc. The maps are sent over a 
number of electric circuits simultaneously by use of 
an automatic perforator and perforated tape. With 
the use of the perforated tape the map is duplicated 
at all teletype-equipped points in the circuits. After 
a map has been transmitted to the circuits in its own 
region it is then relayed to circuits in other regions. 


DISCUSSION 


DESTRUCTION OF MOORING ROPES BY 
TEREDO; GROWTH AND HABITS IN AN 
UNUSUAL ENVIRONMENT 

In the summer and autumn of 1930 a species of 
Teredo appeared in Long Island Sound in unprec¬ 
edented numbers. Instead of confining their bor¬ 
ings exclusively to piles and other submerged pieces 
of wood, as is usually the ease, the young mollusks 
also attacked the ropes which held buoys and moor¬ 
ing floats at anchor. In a number of cases the ropes 


were entirely severed and the boats set adrift. The 
greatest damage seems to have occurred in New Haven 
Harbor, but similar trouble was reported from near 
New York. Mr. Raymond E. Miskelly, of the 
Plymouth Cordage Company, who first called my at¬ 
tention to this attack on rope, informs me that in¬ 
juries of this nature were more or less general along 
the coast south of Cape Cod, as well as in Long 
Island Sound, during the same months. 

The species responsible for this aberrant behavior 
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was identified by Dr. Paul Bartseh as T. moraei 
Bartsoh,^ which is always found in submerged timbers 
in these localities and which has been usually con* 
sidered merely a local variety of the widely dis* 
tributed J. navalis Linn. Although all the indi¬ 
viduals in the ropes were young, the variations in 
structure of shell and shape of pallets fall within the 
limits found by Miller^ to occur in T. navalis under 
various environmental conditions. 

Only ropes that had been continuously submerged 
for several weeks were seriously damaged and these 
mainly at the lower ends near the attachments to the 
anchors, corresponding with the usual preference of 
teredos for wood placed within about a meter above 
the surface of the mud.”** In the rope, however, the 
damage usually extends for two meters or more, due 
to the slack which falls to the bottom at low tide. 

The habits of the young mollusks in the rope are 
somewhat different from those of other individuals 
when boring in wood. The fibers of the rope arc all 
twisted into close spirals in the yarns of which the 
rope is composed and the yarns are again twisted 
spirally into the cords which are themselves twisted 
into the finished rope. The Teredo in boring tends to 
penetrate at right angles to the surface, hut, due to 
the twist of the fibers, the tunnel actually cuts 
obliquely across the >am. The diameter of the yarn 
is frequently between 2 and 4 mm and as soon as the 
tunnel approximates this diameter the yam is com¬ 
pletely severed. The individual fibers of the rope 
are thus cut into hits, ranging from a few millimeters 
to a few inches in length, according to the distance 
between adjacent borings. When the borings are dost* 
together the affected portion of the rope falls into 
shreds. The parting of the fibers loads to the death 
of all the borers, which drop out into the water. 

It has been observed” that the Teredo seldom passes 
from one piece of wood to another closely applied, 
but in the rope many of the tunnels lead from one 
yam to the next. 

The young mollusks had evidently found the ropes 
less suitable than wood for normal growth, for many 
of them were approaching sexual maturity when only 
10 to 12 mm in length. In wood the size at sexual 
maturity may reach 40 to 50 mm if conditions are 
favorable; otherwise growth may be retarded while 
the development of sexual products continues, but 
more slowly than in individuals growing in a more 
favorable environment. 

Examination of the gonads of many of these young 

1 Paul Bartflch, Bull ISS, V. 5. NaU Mus,, 1922. 
aE. C. MiUer, Univ, Calif. Buhl Zool, 22; 292-328: 
401-414, 1922-23. 

a H. B. Grave, Biol Bull, 56: 260-282, 1928. 

^C. A. Kofoid and E. C. Miller, Binal Bept. San 
Brmciaoo Bay Marina Tiling Comm., 188-343, 1927, 


tsredoB shows that in this unusual situation there is 
a strong tendency toward protandric bisexuality. In 
approximately half the sexually differentiated indi¬ 
viduals studied the gonads consisted of a cortical 
layer of yolk-forming ovocytes, with spennatogenip 
cells filling the lumen of each follicle. There was a 
fairly close correlation between the size of the ovo¬ 
cytes and the abundance of spermatozoa already 
formed, indicating a typical protandric condition. In 
a few individuals most of the spermatozoa had been 
previously discharged and in these the ova were fully 
mature. Some evidence of protandry has been re¬ 
ported for another species of the genus.® 

In addition to the protandric females other itidi- 
viduals were presumably exclusively male, the cells of 
the cortical layer remaining small and apparently un¬ 
differentiated. Others had only a few scattered ovo¬ 
cytes in the cortical layer of an otherwise typical 
spermary. Thus all individuals first function as 
males, at least in this unusual environment. 

The fibers of the rope are devoured and partially 
digested, as is normally the case with wood,® but the 
animals remain stunted and produce but few gametes 
as compared with the vast numbers formed by normal 
individuals. 

Even if a certain amount of reproduction does 
occur by the teredos living in the rope, this material 
is highly unsuitable for long survival, and the mor¬ 
tality before reaching the reproductive period mji;ist 
be very groat. If the borers are numerous the cht 
fibers of the rope separate or the entire rope parts ; 
in either case the adjacent borers perish by being 
dropped out into the water. 

While the damage reported in 1930 was unusually 
serious, these are not the only records of teredos bor¬ 
ing in rope or in plant structures other than wood. 
Lobstennen state that they experience trouble of this 
nature from time to time, as the borers attack not 
only the wooden trap but the adjacent part of the 
buoy rope as well. The unprecedented abundance of 
this moUusk in that year is thought to have resulted 
from unusually favorable conditions for the survival 
of the larvae, which float for two to three weeks”* * 
near the suxiaco of the water before settling upon the 
objects in which they bore and mature. The free- 
swimming stage is always precarious and most of the 
larvae die without completing metamorphosis. Their 
potential numbers are exceedingly large, however, for 
a single female may produce more than a million 
larvae in one season.®** The conditions for survival 
were evidently better in 1930 than in any other recent 
year and this is true not only for the teredo but for 

flC. M. Tonge, QtLort. Jour, Mio. Soi,, 70 : 391-394, 
1926. 

« 0. M. Yongo, Trana. Boy, 8oc, Sdinburgh, 64 1 708- 
718, 1926. 
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other moUtuks, such as the oyster and clams, which 
have similar free-swimming larvae, for these survived 
in unusual numbers the same year. 

The presence of even a few adult teredos in piling 
or in other submerged wooden structures may thus 
lead to a repetition of this unusual behavior whenever 
the environmental conditions are such as to favor the 
survival of their innumerable progeny, provided there 
is not sufficient wood in the areas to which the pelagic 
larvae are carried by the currents in the water. 

W. R. Coe 

Osborn ZooiiOoicAL LiAboeatoby 
Yale XJNivEEsrnr 

THE EFFECTS OF MEDIA ON BACTERIAL 
FILTRABIUTY 

The fact that Beastone and Lawrence^ were unable 
to duplicate Kendall’s filtration experiments on the 
Rawlins strain of B. typhosus^ even with medium 
made from “K” powder supplied by him, indicates 
the probable existence, in this work, of one or more 
neglected but vanable factors. This is further evi¬ 
denced by the statement of Beastone and Lawrence 
that their medium showed no uniformity of pH 
from tube to tube, and also that it occasionally 
developed a sjmntaneous turbidity without inocula¬ 
tion. 

I query whether bacteriologists, in carrying out 
filtration experiments, consider or give due weight to 
the following physico-chemical or colloid factors oper¬ 
ative in their media, even when using identical filters; 
for variations in the filters themselves involve a senes 
of additional factors, based on the specific attractions 
between filter constituents, bacteria and media con¬ 
stituents : 

(1) Colloids may favor the passage of fine particles 

through filters. 

(2) Variation in bacterial deformability may affect 

filtrabiiity. 

(3) The flocculative or deflocculative power of the 

medium, at the time of filtration, must be consid¬ 
ered. 

At a symposium on filtration held by the Aroencau 
Society of Bacteriologists at Philadelphia in Decem¬ 
ber, 1926, 1 heard no reference to factors (1) and 
(2), and felt constrained to draw attention to them 
in the open discussion and later on in Sciskoe for 
February 26, 1927, 

Factor (1) was dealt with by R. Zsigmondy 
(“Colloids and the Uultramioroecope” [1909], Chapter 
14 on Filtration Experiments), and the fact that 
moistening the gut with bile increases its permeability 
to some produots of digestion is known to physiolo- 

i&cmoa, 771 259, 1933. 


gists. Factor (2) was pointed out by Beehhold and 
Nenschloss,* in connection with work on lecithin 
emulsions whore the individual droplets, several fi in 
diameter, under a pressure above 150 g./cm®, passed 
through an ultrafilter which completely retained hemo¬ 
globin, and whose pores were less than 30 mpi in diam¬ 
eter. Bechhold’s explanation is that the lecithin 
passes the filter-pores in filiform fashion, and reforms 
droplets after its exit.*^ Apart from the stage of 
growth of the inoculum, and the relative growth-pro¬ 
ducing quality of the medium for the bacteria, both 
of which afifcct bacterial size, it is not impossible that 
changes in the medium (and pH is only one factor) 
may affect the tu/rgid%ty of the bacteria present, and 
therefore their filtrabihty under constant pressure. 

As to factor (3), the protective or coagulative 
action of any medium is the summation of various 
factors, including the specific colloid.s present. Filtra¬ 
tion conditions are affected by pH, salts, temperature, 
cumulative protective relations, etc. There is an ex¬ 
tensive literature on the wide variation in the pro¬ 
tective action of colloids, especially of albumins, 
albumoses and their fractions, toward colloidal gold 
(“gold number”). Some fractions, instead of being 
protectors, are active coagulators.^ 

On first reading of Kendall’s results,® it seemed 
possible that they might, in part, be accounted for by 
some or all of the factors above stated. Through the 
kindness of Dr. L. W. Famulencr and his staff at 
the Pathob^gical Laboratory of St. Luke’s Hospital 
(New York), I was able to have made some pre¬ 
liminary tests on the relative protective behavior of 
three bacterial media, obtained through courtesy of 
the New York City Board of Health. 

On March 24, 1932, samples of beef broth, veal 
broth and “K” medium were subjected to the 
“colloidal gold reaction," according to the technique 
described by Karl M. Vogel.” 

The results were: 

Beef broth 5500000000 

Veal broth 0000000000 

medium 00000^1221 

Here 0 represents satisfactory protection, 5 represents 
complete coagulation and precipitation of the gold, 
and the intermediate numbers represent varying de¬ 
grees of aggregation of the gold ultramierons. The 
flguws in the first column are for the original con¬ 
centrations; those in subsequent columns are the re¬ 
sults for progressively doubled dilutions. 

2 Kolloid Zeitsohrifit 1921. 

* H. Bechhold, Colloids in Biology and Medicine,” 
1920.- 

♦ Zsigmondy, lib. ©if., pp. 79-89. 

SoiBNOE, 75: 296-301, 1932. 

Ini. Med,, 22: 496-616, 1918. 
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While those results are no criterion for the pro¬ 
tective action of media wherein bacteria have grown, 
towards these same bacteria, they do indicate that 
media may exhibit wide differences in “gold num- 
beiV* which often parallels protective and defloccula- 
tive action, as well as the ability to aid the passage of 
particles through filters. Thus, Ilans Zinsser^ re¬ 
ported that Ward and Tang, in his laboratory, found 
that the agents of vaccine and herpes would pass 
through a filter more readily when suspended in cer¬ 
tain types of broth than when suspended in isotonic 
salt solutions, irrespective of pH; further, that Grin- 
noil found that if. •prodjvgiosus passed through all their 
“V” Berkefeld and Handler filters, and through most 
of grade “N,’’ if taken from old cultures and sus¬ 
pended in hormone broth of about pH 7.8. 

Speaking of filtrable viruses, T. M. Rivers stated:* 
“Methods of filtration are crude and inaccurvte, and 
the moat any one can say concerning viruses is that 
under given expeninental conditions they either pass 
or do not pass through certain filters. The failure to 
pass through a filter, however, is certainly not de¬ 
termined in every instance by the size of the virus.”* 

There are, no doubt, many other factors to be con¬ 
sidered, besides the three above suggested. Thus, 
discrete particles in the medium might adsorb other¬ 
wise filtrable particles; or oppositely charged par¬ 
ticles might form with bacteria a non-filtrable 
coagnlum or union. As pointed out by May Annetts,® 
changes in conductivity, pH and stability may be ex¬ 
pected to accompany the filtration of suspensoid sola. 
Filters described as “certain” may prove to be very 
uncertain, under special conditions. There is a wide 
call for bacteriologists, suitably equipped, to give 
proper recognition and evaluation to all these physico¬ 
chemical factors, while attempting to establish exact 
technique for reproducible filtration experiments. 

Jekome Auexander 

New Yokk, N. Y. 

A TEST FOR THE PRESENCE OF NOVO- 
CAINE IN NERVOUS TISSUE 

During the course of some research work upon 
spinal anesthesia, it became desirable to determine the 
degree of penetration of novocauie solution into the 
substance of the spinal nerve roots, spinal cord and 
medulla, when injected into the subarachnoid space 
of live animals. At first we attempted to follow the 
course of the novocaine by adding a dye (methylene 
blue) to the novocaine solution and chocking the dis¬ 
tribution of the color post-mortem. The dye was 

7 Science, 75: 2-57, 1932. 

8 Jordan and Falk, * ‘ The Newer Knowledge in Bac¬ 
teriology and Immunology" (1927), p, 619; see also 
S. P. Kroemer, ibid,, 657. 

ePAyv?. Chent,, 36; 2939, 1932. 


effective in coloring the surface of the nervous tissue 
and membranes but, on section, none was found 
within thcv substance of the nervous tissue. If the 
extension of the dye were an indication of the exten¬ 
sion of the novocaine itself, the failure of the color 
to penetrate the nervous substance was not in accord 
with the production of anesthesia and, in some cases, 
the death of the animal. That the novocaine pene¬ 
trated further into the nervous tissue than the dye 
with which it was in solution w^as the inevitable con¬ 
clusion, To obtain direct evidence of this as well as 
to determine the exact distribution within the nervous 
tissue, a method of recognizing novocaine within the 
substance of the hitter was sought. It occurred to one 
of us (Boiler) that the novocaine might be diazotized, 
and a color reaction obtained with beta naphthol. 

The method evolved is briefiy as follows: The 
nervous tissue to be tested is placed in a beaker of 
cold 5 per cent, sodium nitrite solution. After a few 
minutes hydrochloric acid (1:10) is added in the 
proportion of one of the latter to five of the former 
solution. This liberates nitrous acid, which in turn 
diazotizes the novocaine. It is essential that the solu¬ 
tion be kept cold for this reaction. After five minutes, 
the specimens are washed in distilled water and trans¬ 
ferred to a 5 per cent, alcoholic solution of beta 
naphthol. The tissue containing novocaine takes on 
an orange red color which is greatly intensified by 
transferring to a weak solution (2 per cent.) of 
sodium hydroxide. The color fades if placed in water 
or carried through the usual solutions used in pre¬ 
paring paraffin sections. For section work it is found 
best after bringing out the color reaction to fix the 
tissue in 10 to 20 per cent, formalin for fifteen to 
twenty minutes, freeze and cut thick (fifty g). 

Control expenments, in which the nervous tissue 
was either treated with distilled water instead of 
novocaine or not treated at all, failed to produce a 
similar color reaction when subjected to the same 
process. 

Manuel Orodinsky 
Meter Beber 
Charles P. Baker 

College of Medicine 
UN iVEESirv OF Nebraska 

SPONGE SPICULES FROM THE LOWER 
ORDOVICIAN OF WISCONSIN 

While examining insoluble residues from the 
Oncota dolomite (Lower Ordovician) of Wisconsin 
the writer came upon numerous detached sponge 
spicules from one locality. The location in question 
is on U. 8. Highway 12, about three or four miles 
south of Springfield Comers, Wisconsin. Although 
the writer has examined several hundred samples of 
the Oneota f^om numerous localities in the Upper 
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MiBsifisippi Valley, no sponge remains have been ob¬ 
served elsewhere* 

The Oneota near Springfield Corners is a mcdmm 
to thick bedded dolomite, having a gray or flesh 
color and carrying a few lenses and thin bods of 
chert. The sample yielding the spicules is from a 
pure, non-cherty bed, the insoluble residue consisting 
of a minute quantity of very fine sand, silt and sponge 
spicules. 

Under the microscope the spicules are seen to be 
composed of amorphous silica, with considerable 
amounts of crystalline silica. In form they are 
uniaxial needles, sharpened at each end, and show no 
evidence of having been fus€>d in the organism. The 
longest one observed measures 0.41 nim in length and 
0.02 mm in diameter. Axial canals m the spicules 
can not be plainly seen, but there is a suggestion 
that they were present in life. It is believed, there¬ 
fore, that tlie spicules are to be classified as 
Silicispongia, order Monactinelhda Zittel. 

The fauna of the Oneota is a meager one, and 
nearly all the forms found have been in the chert 
nodules. These sj>onge spicules may be the first 
sponge remains reported from the Oneota formation, 
as the writer has found no mention of them in the 
available literature describing these rocks. Jt is 
stated by ZitteP and Berry® that Monactinellid 
spicules are known from rocks as old as Silurian. No 
mention is made of their occurrence below the 
Silurian. If the writer's identification is correct, the 


spicules from southern Wisconsin may be the oldest 
Monactinellid spicules thus far discovered. 

C. E. Needham 

New Mexico School or Mines 

THE WATER CONTENT OF MEDUSAE 

Dr. Gortner's faith’ in u marine jelly-fish which is 
more than 99 per cent, water obviously can not be 
“flatly contradicted," but there are plenty of data 
which show his belief to l>e unfounded in the case of 
the commoner genera, and which .pistify skepticism. 

In my paper I did not present new data because 
there was nothing to add to the old; but Dr. Gortner 
must have observed tliut the calculation of the ^^bound 
watei*" results in Table necessitated routine determi¬ 
nations of total water. The total solid of Cyanea 
varied from 4.7 to 5.9 per cent., and that of Aurelia 
was always within the range given by Krukenberg. 
With Gortner's statement that the fraction of organic 
matter may be less than 1 per cent. I have no quarrel; 
indeed I once crudely estimated it by keeping a dead 
Cyanea in running tap water for 3 da>s and then 
drying it. The diy weight was 0.9 per cent, of the 
wet weight. The effect of the salts is clearly shown, 
also, by compaiing the dry weight data of Kruken¬ 
berg, whose jelly-fish came from the Gulf of Trieste, 
with those of Moebius, from the dilute sea water of 
Kiel Bay, The mean values for Aureha were 4.88 
and 2,08 per cent., respectively. 

Heidelberg J. B. Bateman 


QUOTATIONS 


MEDICAL PATENTS 

Ceremonious opening of the now laboratories of an 
important drug manufacturing company is not an oc¬ 
casion on which w© expect to hear plain speaking of 
the kind in which Sir Henry H. Dale indulged at 
Rahway, on the danger of being too practical in medi¬ 
cal research, and of keeping a too eager eye on profits 
to be derived from the patenting of medical discov¬ 
eries. The laboratories in question will undoubtedly 
develop many a useful remedy which will become the 
subject of a patent monopoly. Sir Henry spoke with 
authority. Once upon a time ho was the director of 
just suchR laboratory. Does not bis own career argue 
against his contention that the pursuit of the practi¬ 
cal is incompatible with the pursuit of pure science? 
He owes his present position of director of Great 
Britain's National Institute of Medical Research to 
the distinguished work that ho managed to do as a 
chemist employed by a drug company whose patents 
are probably its most valuable assets. 

iKarl A. von Zittel, **Text-Book of Paleontology,” 
Eastman translation, p. SI, Macmillan Company, 1927. 


There certainly has boon no worshiping of false 
gods in the laboratories of the great German and 
American industrial organizations. Such Nobel Prize 
winners as Langmuir, Bosch and Bcrgiiis won their 
laurels as the employees of wealthy corporations. In¬ 
deed, certain kinds of research can apparently be 
conducted most effectively only with the financial aid 
and equiiiment of an industrial laboratory. If we 
want to learn anything about low-pressure chemistry, 
we must go to the General Electric Company; the best 
information on speech and hearing is likely to be ob¬ 
tained from the Bell Telephone La)>oratories; the 
Eastman Kodak Laboratories are the recognized au¬ 
thorities on photochemistry. The larger and more 
liberal corporations have learned to leave their re¬ 
search staffs alone. Even pure science can not help 
making discoveries that yield a profit when exploited 
with the aid of patents, 

Yet physicians as a class will endorse Sir Henry's 
warning. Deep down in all of us there is a repug- 

2E. W, Berry, ” Paleontology, ” p. 29, McGraw-Hill 
Oomnany, 1929, 
ilSoiENOE, March 17, 1933. 
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nance to making money out of human suffering, oonoededt Questions sodbi as these were probably 
Even the men in university laboratories who patent uppermost in Sir Henry’s mind. No doubt the men 
their medical discoveries share it. They apply at least who have given us patented insulin, patented liver 
part of their royalties to conducting fresh research, extract anS patented ergosterol can be trusted to ob- 
But it is a question whether royalties do not quench serve the medical tradition. Tet there is a dear need 
the disinterestedness that is the very essence of pure for some method which will enable a researcher to 
research. A patented drug becomes the object of obtain the money that he needs and yet pursue his 
jealous concern. Is it likely that the merits of a com- studies with a serenity that knows nothing of profits, 
petitive product will be objectively appraised and —The New York Times. 

THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


SPRING MEETING OF THE EXECUTIVE 
COMMITTEE 

The spring meeting of the executive committee of 
the council of the American Association for the Ad¬ 
vancement of Science was held at the Hotel Stevens 
in Chicago on March 24 and 25. 

Dr, Fox, as executive secretary of the Committee 
on Foreign Guests for the Chicago meeting, reported 
regarding the acceptance of invitations issued jointly 
by the Century of Progress Exposition and the asso¬ 
ciation, and also on the assignment of guests to sec¬ 
tional and society programs. 

Dr. Fox stated that he had sent out communications 
from his office to colleges and universities in order to 
provide opportunities for such guests as desired invi¬ 
tations to lecture at various points. Different foun¬ 
dations in the United States have been cooperating 
with Dr. Fox in furnishing information concerning 
other foreign scientists whom they might have in this 
country about the time of the Chicago meeting. The 
executive committee voted that distinguished foreign¬ 
ers who expect to be in the country at the time of the 
meeting should be invited to participate as honorary 
foreign guests and members of the association for the 
Chicago meeting. 

The permanent secretary laid before the executive 
committee the record of receipts and expenditures at 
the Atlantic City meeting and a summary of the con¬ 
dition of the various funds of the association up to 
February 28, 1933. From these data it appeared that 
the balances available were narrow and care must be 
exercised in making further appropriations. The 
paid-up membership had fallen off slightly but was 
still at an encouragingly high level. Some items re¬ 
garding succeeding meetings were reported and espe¬ 
cially the plans for the Boston meeting, which, due to 
a highly efficient local committee, had already reached 
a well-advanced stage. 

The permanent secretary reported that since Dr. A. 
F. Woods had been elected a member of the execu¬ 
tive committee at the Atlantic City meeting a vacancy 


in the council was created. Dr. W. W. Cort, of the 
School of Hygiene and Public Health of the Johns 
Hopkins University, was elected to fill the vacancy. 
Dr. Cert’s term will expire at the close of the Pitts¬ 
burgh meeting, in December, 1934. 

Certain members, on the basis of credentials duly 
presented, were elected as fellows of the aasociation. 

The question of branch registration offices for the 
Chicago meeting was discussed. In view of the widely 
separated loeations fixed upon by affiliated societies 
and sections and of the complexity of the program, 
the permanent secretary’s office was instructed to ar¬ 
range for branch registration at a limited series of 
places. This arrangement was approved for the Chi¬ 
cago meeting only. 

The presentation of the financial report led to a 
discussion regarding miscellaneous expenses. The per¬ 
manent secretary was requested to prepare a com¬ 
munication to section secretaries, urging the need of 
economy and pointing out the necessary limitations in 
incurring expenses in connection with the work of the 
section. It was voted that other items of expense 
than those regularly included under the regulations of 
the association be paid only provided that approval 
was secured from the office of the permanent secre¬ 
tory before the expense had been incurred. 

The permanent secretary was asked to revise the 
general statement for travel and per diem allowances 
of executive committee members and seetion secre¬ 
taries 80 as to provide for pro-rated distribution of 
expanse whenever travel is undertaken for purposes 
other than those of the meeting. 

In view of general economic conditions akd of the 
two meetings held this year it was voted that section 
secretaries in attendance at the Chicago meeting be 
allowed actual minimum railroad fare plus puUman 
charges and a room at the headquarters hotel as 
regularly arranged for by the permanent secretary’s 
office for a period not to exceed one Week. The per 
diem allowahce was discontinued for the Chicago 
meeting. 
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In view of tlie apeoial oiroumatanees aurroanding 
the BPmmer meeting, the permanent aeoretaiy’a office 
was aathorized to extend invitations to peMons living 
within a radios of three hundred miles from Chicago 
to join the association nntil July 15, 1933, without 
making payment of the usual entrance fee. 

Information was presented to the executive com¬ 
mittee that a volume containing papers delivered at 
the symposium on “The Stabilization of Employ¬ 
ment,’’ hold in connection with the Atlantic City 
meeting, had been printed by the Principia Press. 
The volume was edited by Dr. Charles F. Roos, former 
permanent secretary. The Principia Press and the 
Far-Reaching Foundation of Denver proposed to dis¬ 
tribute a special edition of the volume to the presi¬ 
dent, members of Congress and other national officers. 
The permanent secretaiy was authorized to prepare 
and approve the use of a statement to accompany 
each volume to indicate the part of the association in 
the undertaking. 

The payment of life membership fees in instalments 
as approved by the council in the Atlantic City meet¬ 
ing was further considered by the executive committee 
and it was voted that such payment be approved in 
instalments of not less than $20 in each of five suc¬ 
cessive years. Such periodic payments would include 
the annual dues for each year during this period. The 
permanent secretary was requested to formulate the 
exact conditions of the plan and present the same for 
record and approval at the next meeting of the execu¬ 
tive oommittee. 

Dr. Henry Norris Bussell, president of the associa¬ 
tion, was delegated as its representative for the meet¬ 
ing of the British Association for the Advancement 
of Science to be held in Leicester, from September 
6 to 13, 1933. 

Correspondence from the general secretary of Phi 
Beta Kappa was presented to the oommittee, and the 
permanent secretary was asked to invite that organi¬ 
sation to arrange for an address at the Boston meet¬ 
ing, the address to be given by a leading scholar. 

Various cOfmmtinicationB concerning the great in¬ 
crease in the cost of Qennan soientido publications 
were read to the conunittee and discussed at consid¬ 
erable length. The possible complications as affecting 
intimate contacts and proper exchange of information 
between seientiflo men were pointed out In view of 
the opportmuty for misinterpreting definite action, 
the matter was laid aside for the present. 

The proposal to select from the fellows in mem- 
berdiip in the association a certain number to be 
designated aa xesearoh fellowB was presented and after 
much eonsiderotion was on recommendation of the 
stMifwapn made a speoial order of business for the 
Ifpm meethig. 


The finance committee presented a report regarding 
defaulted interest payments on mortgages held in the 
endowment funds, and it was voted that collection of 
interest should not be pressed daring present condi¬ 
tions. 

The oommittee was entertained at luncheon Satur^ 
day noon at the Administration Building of the Cen- 
tuiy of Progress Exposition. Following the luncheon 
there was a joint meeting with some of the officers 
of the Century of Progress and with the local com¬ 
mittee for the Chicago meeting. Opportunity was 
afforded for seeing plans of the exposition, learning 
of the progress made on the installation of scientific 
features of the same and the general outlook for the 
exposition. Reports were made by members of the 
local oommittee representing individual sections and 
affiliated societies. They showed that the plans had 
been adequately worked out, that the work was well 
advanced towards completion, and that the exhibits, 
facilities and programs assured not only satisfactory 
conditions for the summer meeting but a scientific 
gathering of unusual extent and significance. 

Henbt B. Ward, 
Permanent Secretary 

HOTEL HEADQUARTERS FOR THE 
CHICAGO MEETING 

Thb local committee has arranged for the Chicago 
meeting, ^he hotel headquarters of the association and 
its sections as follows: 

General Headquarters: 8te\'ens Hotel, Michigan Avenue 
at 7th Street. 

Section A (Mathematics): Judson Court, University of 
Chicago. 

“ B (Physics): Windermere Hotel, 1642 E. 66th 
Street. 

** C (Chemistry): Hotel Sherman, 106 W. Ran¬ 
dolph Street. 

** D (Astronomy): Hotel Stevens, Michigan Ave¬ 
nue at 7 th Street 

“ E (Geology): Soutbinoor Hotel, 67th at Stony 
Island Avenue. 

F (Zoology): Hotel Stevens, Michigan Avenue 
at 7th Street 

G (Botany): Hotel Stevens, Michigan Avenue 
at 7th Street, 

* ‘ H (Anthropology) : Bismarck Hotel, 176 W. 
Randolph Street. 

I (Psychology); Great Northern Hotel, 237 8, 
Dearborn Street. 

K (Social and Economie Sciences): Hotel Ste¬ 
vens, Michigan Avenue at 7 th Street 

** L (Historical and Philological Sciences): Drake 
Hotel, Lake Shore Drive and Michigan 
Avenue. 

** M (Engineering): Palmer House, 15 East Mon¬ 
roe Street. 
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Section N (Medical Sciencea): Knickerbocker Hotel, 163 
E. Walton Place. 

' ^ O (Agriculture): Morrison Hotel, Madison and 
dark Streets. 

* ‘ Q (Education): Drake Hotel, Lake Shore Drive 
and Michigan Avenue. 

The affiliated societies are in general housed in 
hotels of the section to which they are related. The 
engineering societies, however, are distributed as foL 
lows: 

Palmer House: American Society of dvil Engineers; 

American Society of Mechanical Engineers. 
Edgowater Beach: American Institute of Electrical En¬ 
gineers. 

Stevens Hotel: American Institute of Mining and Metal- 
Jurgical Engineers; American Society for Testing Ma¬ 
terials; Society of Industrial Engineers; .American 
Ceramic Society; Society for the Promotion of Engi¬ 
neering Education; National Council of State Boards 
of Engineering Examiners; American Foundrymen's 
Association. 

Hotel Sherman: Institute of Radio Engineers. 

For those who may be coming to Chicago by car 


and may be interested in automobile camps, the fol¬ 
lowing operated by the Century Cabins, Inc., 7 South 
Dearborn Street, have been approved by the Century 
of Progress: 

Desplaines Avenue where crossed by Chicago Rapid 
Transit Line, Forest Park, Illinois. On World's Fair 
marking—^Illumination Route—U. S. 330—Lincoln 
Highway. 

Milwaukee Avenue and Oakton Street, Park Ridge, Illi¬ 
nois. On World's Fair marking—Radio Route—Illi¬ 
nois Route No. 21—Milwaukee Avenue. 

22nd and Manhoim Road, Westchester, Illinois. On 
World's Fair marking—Illumination Route—U. S. 
330—Lincoln Highway. 

Other camps are no doubt available, information 
concerning which can be obtained from automobile 
associations and clubs. 

Correspondence regarding reservations should be 
sent directly to the appropriate hotel. Members are 
advised to make early application for rooms and to 
specify their connection with the association. It is 
important to have a definite understanding regarding 
space and rates. 


THE NATIONAL ACADEMY OF SCIENCES 

ABSTRACTS OF PAPERS PRESENTED AT THE WASHINGTON MEETING 


At the annual meeting of the National Academy of 
Sciences, held in Washington, D. C., on April 24 and 
25, the following papers were presented: 

Geometry of the Laplace eqxLaiwn: Edwabd Kasner. 

The Laplace differential equation, ^ = 0, has its 

origin in the theory of gravitation, <p being the potential; 
but of course it is of importance in many other branches 
of physics and in the theory of fumitioiis of a complex 
variable. The curves (p(x, y) = constant constitute an iso¬ 
thermal family, so called because they are the curves of 
equal temperature in a steady flow of heat. The author 
finds purely geometric properties of such families. We 
state seven of these properties as follows, each one being 
completely characteristic: (1) If we construct the oscu¬ 
lating circles at any point P of the curve of the given 
isothermal family and the orthogonal trajectory, those 
circles meet at another point P,, and the transformation 
T from P to Pj is conformal. (2) A related transfor¬ 
mation is of the Darboux type. (3) If we construct 
all the 00 * isogonal trajectories these form a natural 
family of the kind arising in optics and in the dynamics 
of conservative forces. (See Kasner's Princeton Col¬ 
loquium Lectures.) (4) Of all the isogonal trajectories 
at any point P, two will admit circles of curvature of 
higher than second order contact, and"^ these two will be 


orthogonal. (5) The isogonal trajectories form a linear 
family (as proved by the writer in Math, Arvaeden, 1904), 
and therefore we can form a Desargues configuration. 
This gives a characteristic construction in finite form. 

(6) Any isothermal family and the two families of 
minimal straight lines form a Blaschko hexagonal web. 

(7) Any isothermal net may be regarded as the or¬ 
thogonal projection of the asymptotic lines of some sur¬ 
face. In conclusion, various geometric operations are 
described by means of wluch given iso-thermal fEunilies 
yield new isothermal families. The generalmition to the 
Laplace equation in three dimensions is not direct and 
will be studied in another paper. 

The geometry of spinors: Oswald Veblen. 

Finding the velooities of the spiral nebulae: V. M. 
SuFBXB. This paper gives a brief account of the ve¬ 
locity studies of the spiral nebulae made at the Lowell 
Observatory, where work in this field was begun. It 
touches on the development of the efficiency of the in¬ 
struments for the work and gives results. There are 
mentioned the early tests and the reasons stated in sup- 
pdrt of the velocities being real in spite of their most 
extraordinary magnitudes. Examples of nebulae in rapid 
rotation are cited, and objects are referred to which are 
of exceptional interest because of their speeds of trans¬ 
lation or rotation or becasse of their exceptional spectra. 
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Absorption and space rsddmmp in the palaapy from the 
colors of B-stars: Jobl Stebbins aud C. M. Huitee. The 
atare of apectrum class B, with iatrinsic luminosities 
ranging from a hundred to several thousand times that 
of the sun, furnish an excellent means for testing the 
presence of dark matter in space. With a photo-electric 
cell attached to a 15-inch telescope, the brightness and 
colors of some seven hundred B-stars have been determined 
at the Washburn Observatory of the University of Wis* 
consin. This survey of such objects in the northern sky, 
complete down to visual magnitude 7.5, has been supple¬ 
mented by measures of fainter stars and clusters with the 
large reflectors at Mount Wilson, The observations con¬ 
firm the existence of a layer of absorbing material in our 
stellar system, extending along the central plane of the 
Milky Way, For distances of the first few hundred light- 
years the effect of this dark gas or dust is inappreciable, 
but from five hundred to five thousand light-years from the 
sun the absorption and space reddening become increas¬ 
ingly evident. The present results are in striking agree¬ 
ment with distribution of extra-galactic nebulae determined 
by Hubble at Mount Wilson. Where the nebulae appear 
in great numbers the stars are normal in color, but in ob¬ 
scured regions, where the nebulae can not be photographed 
through the veil in the foreground, the stars show a pro¬ 
nounced effect of coloration. Due to the eccentric position 
of the sun in the galaxy, stars in the outer regions, like 
those of the constellation of Orion, are less affected than 
objects in the opposite direction toward the center of the 
galaxy, where the loss from absorption amounts to at least 
three fifths of the visual or five sixths of the photographic 
light. The growing evidence from B-stars, globular clusters 
and nebulae supports the conclusion that we do not see out 
as far as the galactic center, and that objects hitherto sup¬ 
posed to be beyond the nucleus are really on this side of 
the center of the system. The scale of stellar distances 
must be revised with allowance for the effect of absorp¬ 
tion. Finally, because of the general amount and extent 
of the obscuration, it is shown that the dark matter in 
space, counting only that which has so far been detected, 
may well be greater in total mass than the luminous ma¬ 
terial which we see in the form of shining stars. 

Luminosity curves and average density of matter in 
twenty-five groups of galaxies: Ha&low SHAPUtv. Pre¬ 
liminary calculations at Mount Wilson and at Harvard 
have indicated that the average density of matter in inter- 
galactic space is of the order of grams per cubic 
centimeter. Thfoughout large volumes of space, however, 
the density is much higher and its evaluation is of signifi¬ 
cance in consideration of the evolution of the Motagalactic 
System. The luminosity curves of the galaxies in twenty- 
five groups, differing in richness, angular extent and 
volume, have been found from Harvard observations, with 
appropriate corrections for the random galaxies of the 
general metagolaetic field. The luminosity data permit 
estimates of distance and mean density. The number of 
galaxies per cubic megapaxsec in the groups varies from 
ten times to more than a thousand times the average 
number for metagalactic space. These groups of galaxies 


(super-galaxies) occur occasionally in pairs, the bound¬ 
aries of the component groups separated apparently by 
less than the diameter of either. 

On the masses of binary stars: Henry Nc^is Bubsell 
and Charlotti: £. Moore. The dynamical parallaxes 
computed by the writers have been revised by the inclusion 
of new material for many stars, and compared with de¬ 
terminations from other sources. We are indebted to Dr. 
Schlesinger for access to the Yale card catalogue of trig¬ 
onometric parallaxes, to Dr, Adams for unpublished 
spectroscopic parallaxes from Mt. Wilson, and to Dr. 
Aitken for valuable double star measures. These com¬ 
parisons indicate a close agreement with Eddington's mass- 
luminosity relation, for giants and dwarfs alike, with the 
well-known exception of the white dwarfs. The total num¬ 
ber of stars available for investigation of mass is ap¬ 
proximately five hundred and sixty. 

The absolute motion of the solar system and the orbital 
motion of the earth, determined by the ether-dnft experi¬ 
ment : Dayton C. Miller. 

Solar variations and atmospheric pressure ; H, H. 
Clayton (introduced by C. G. Abbot), 

Long-range forecasting: C. G. Abbot. There is pre¬ 
sented with verification a two-year forecast of the varia¬ 
tion of the sun made in November, 1930, aud published in 
February, 1933. The average deviation of observed from 
predicted monthly moan values is 0.3 per cent. The analy¬ 
sis of solar variation from January, 1924, to September, 
1932, and its exhibition as the summation of seven regular 
poriodicitiei of 6-2/3, 8, 11, 21, 25, 45, and 68 months, 
respectively is presented. The average deviation of this 
summation from observed monthly mean values, is 0.15 per 
cent. The author ventures a detailed forecast of solar 
variation to December, 1934. Expected values generally 
below normal, with strong minima June, 1933, and July, 
1934. The author presents the analysis of the departures 
from normal temperature of Bismarck, North Dakota, from 
1875 to 1925. In addition to the seven periodicities found 
in solar variation, he finds others of 9-1/2, 12-3/4, 18 and 
135 months, respectively. All these periodicities continue 
over the 50-year period from 1876 to 1925, but with fluctu¬ 
ations of amplitude, phase and form. He attempts to de¬ 
termine empirical relations governing these fluctuations. 
Employing the preferred adjustments of this kind, he com¬ 
pares the summation of adjusted periodicities with the 
actual departures from normal temperature, 1875 to 1925. 
Finally, he compares his forecast for 1925 to 3932 with 
observed departures of that interval. 

The phosphorescence of solid nitrogen and its relation 
to orySial structure: L. Vegabd. 

Forbidden lines in astrophysicoX forces: Joseph 0. 
Boyce, Donald H. Menzel and Cecilia H. Payne (in¬ 
troduced by Harlow Shaploy). 

The physical state of Novae: Donald H. Menzel and 
Ceciua H. Payne (introduced by Harlow Shapley). 
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The action of the parenteral adminietraiion of eupan 
wt the hpdrogen-ion ooneentration of normal and malignant 
tieewee Ui limng animale: Gakl Yoeotlxn, H. KAHtacE 
and R. H, Pitch (introduced by C. S. Hudson). [To b« 
printed in Sciencb.] 

Crystalline pepsin and trypsin: John H. Noetheop 
(introduced by Simon Plexner). A crystalline protein 
(pepsin) which digested other proteins in acid solution 
with ^eat rapidity was isolated three years ago from com¬ 
mercial pepsin preparations. More recently another 
crystalline protein (trypsin) which digests other proteins 
in slightly alkaline solution has been isolated from pan¬ 
creas. These proteins behave like pure substances in that 
the chemical and physical properties, including enzymatic 
activity, are the same in a number of different preparations 
and are not changed by repeated fractional erystallizatiom 
Partial destruction of the protein by heat, acid, gamma 
rays or ultra-violot light, results in a corresponding loss 
in activity. The inactivation by heat is partly reversible. 
Those results confirm the conclusion that the enzymatic 
activity is a property of the protein molecule. A number 
of physical and chemical properties of the proteins have 
been determined. 

Gluconeogenesis from Fat: John E. Murlin (intro¬ 
duced by Lafayette B. Mendel). There has been much 
theorizing but little convincing evidence in favor of the 
conversion of fatty acids to glucose in the animal body. 
It is certain that the reaction at best is difficult and prob¬ 
ably takes place very little at a time, if at all. Studied 
by the method of respiratory metabolism the conversion 
should give a low R.Q., but if it were followed immediately 
by combustion of the sugar the low H.Q. would blend with a 
high B.Q. and the evidence consequently would be obscured. 
With the castor bean it has been possible to separate the 
two reactions clearly. Conversion of fatty acids to cane 
sugar takes place in the endosperm and its oxidation in the 
young plant. With the help of Drs. B. Q. Pagga and H. 
B. Pierce we now have the evidence complete, (1) by the 
B.Q., (2) by combustion in a modified oxycalorimeter, and 
(3) by chemical analysis. With the assistance of Drs. 
Estelle £. Hawley and 'Carroll W. Johnston, an attempt 
has been made to devise conditions for tHe human subject, 
which would possibly separate conversion from combustion. 
Deprived of glycogen the tissues, offered sugar, prefer to 
restore the glycogen rather than burn the sugar. If under 
these conditions easily assimilable fat wore offered and if 
any glucose were formed, it would be converted to glycogen 
and retained, thereby disclosing low B.Q.8. Later it would 
be oxidized, giving a special sequence of quotients follow¬ 
ing a high-fat meal, namely, first low, then medium, then 
high. Seven subjects have been used, and rich cream (ap¬ 
proximately 40 per cent fat) furniahed the sole diet for 
several days. Thereby glycogen was reduced and a flood of 
fatty acids became available suddenly to supply materials 
for replacement. The special sequence of quotients pre¬ 
dicted was obtained several times espedally at an early test 
for each subject. Later the phenomenon of adaptation or 
increased tolerance for fat supervened to obliterate this 
sequence. Many very low B.Q. *b were obtained, however, 


outside the predicted sequenee* There are three other 
known ways of explaining low B.Q.s, aside from the eon- 
version of fatty acids to glucose: (1) formation of sugar 
from protein; (2) formation of sugar from glycerol; (3) 
production of the acetone bodies. Consideration of ^ese 
several reactions under the conditions of the experiments 
described proves that none or all of them combined can 
explain the lowest B.Q.s obtained. The latter undoubt¬ 
edly are correct, for they have been duplicated many times 
by both the Benedict and the Tissot-Ilaldane techniques. 
It seems clearly possible, therefore, that we have here a. 
method of demonstrating gluconeogenesis from fat. To 
make it perfectly convincing we should be able, as in the 
castor bean, to find the sugar. That has not yet been ae- 
compllshed. 

Origin of hioelectric potentials: W. J. V. OBTfiBHOUT. 
In Niiella (as in muscle and in nerve) we And an outwardly 
directed potential on which the current of action and the 
current of injury depend. Our experiments on Nitella in¬ 
dicate that this may be largely due to the diffusion potential 
of potassium salts which exist inside at a higher concentra¬ 
tion than outside (the mobility of the potassium ion in 
the protoplasmic surface is apparently very high). This 
has a paradoxical look becanso the potassium must pene¬ 
trate from the outside and thus diffuse inward against an 
electrical gradient created by itself. It is therefore of 
considerable interest to find that suitable models can do 
this very thing and can imitate in many other ways the 
behavior of the living cell. The apparent paradox b ex¬ 
plained by the fact that potassium penetrates in one form 
and goes out in another and that it sets up less dif¬ 
fusion potential in entering than in leaving the cell. 
In the model, as in the living cell, a non-aqueous layer 
lies between two aqueous phases and more potential is 
produced in this layer by potassiiun than by sodium. 
But if certain substances be removed from the non- 
aqueous layer potassium produces no more effect than 
sodium. Experiments in collaboration with S, E, Hill 
show that a similar change b brought about by treating 
the living cell with suitable solutions. The cell b then 
in a state of anesthesia: it b no longer exciUble by ordi¬ 
nary electrical stimuli. The process b perfectly revers¬ 
ible. This suggests that anesthesia is due to the removal 
of certain substances from the cell. 

The preoooious development of sexual eharaoters in the 
fowl by daily injections of hebin: L. V. Dokic and 
H. B. Van Dyke (introduced by F. B. Lillie). Brown 
Leghorn cockereb ranging from 1 to 47 days in age 
received daily subcutaneous injections of h^in. The 
quantities adminbtered ranged from 4 to 32 rat units 
in single daily injections. The duration of the 
periments varied from 14 to 86 days. The first effset 
noticed was a pronounced stimulation of bead fumbh* 
ings. Thb could be definitely noted, in some instanees, 
00 early os 43 hours after injections began. The eomh 
revealed Bteady growth throughout and at the eon^- 
siem of experiments wot nsaally eonaiderably larger tiifka 
eontrob. Freeoeions sexual b^vior wm noted. Teui^ 
moles were found erowing when 9 days old «ad tp rurdfil 
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tiM Isitlal treading reaetioiM at 13 day*; Poit-mortem re- 
Yetded hypertrophy of teetai. These were usually larger 
and heavier than controls. Thyroids were likewise larger 
and heavier in treated birds. The spleen, liver and heart 
did not seem to show slgnideant changes in weight though 
experimental spleens were fairly consistently somewhat 
lighter than controls. The ductus deferens revealed hyper¬ 
trophy. In the cases studied histologically tubules of con¬ 
trol testes were distinctly juvenile showing primordial 
germ cells, whereas those in treated testes revealed spor- 
matogenesis. Thyroids from treated individuals revealed 
larger vesicles. In a second series of experiments brown 
Leghorn females received daily subcutaneous injections 
of hebin. Concentrations injected, age range, and dura¬ 
tion of experiments wore identical with the experiments on 
cockerels. Here also the first effect noticed was a striking 
growth of head furnishings. This was definitely noticeable 
within 48 hours in individuals receiving higher concentra¬ 
tions. In such exporimonts head furnishings revealed a 
continuous high growth rate throughout becoming mas¬ 
culine in character. The comb became stout of blade and 
erect whereas that of similar size in normals, only found in 
much oldor females, shows a thin loppy blade. Plumage 
and behavior were apparently unaffected. Post-mortem 
revealed considerable hypertrophy of ovaries. These were 
larger and heavier than controls but showed no Indications 
of ovulation. The surface of more advanced ovaries had 
a mulberry appearance indicating follicular development. 
The more advanced oviducts showed astonishing hyper¬ 
trophy comparable to that normally preceding ovulation. 
The weight of these frequently exceeded 15 times that of 
controls. Thyroids were larger and heavier than controls. 
Differences in weights of liver, spleen and heart were 
probably not significant though experimental spleens were 
usually heavier. Histologically experimental ovaries 
showed larger follicles. Sections of normal oviducts showed 
low mucous folds devoid of tubular glands and conspicuous 
muscle layer, whereas experimentals showed high mucous 
folds, well-developed tubular glands and conspicuous 
peripheral muscle layer. Experimental thyroids showed 
larger veeieles. Effects were in general proportional to 
concentrations injected. The results generally confirm 
the earlier experiments of Domm (’31) following daily 
hypophyseal implants on juvenile males and females. 

The anterior hypophyseal substance which synerpiees 
with prolan: HxatBKBT M. Evaks, Mduau E. Simpson 
and Paxtl B. Austin. In 1931 Evans, Meyer and Simpson' 
discovered that the gonadotropic effect'of the substance 
found in the urine of pregnant women (prolan) is greatly 
increased if certain extracts of the anterior hypophysis, 
themselves of low gonadotropic potency, are added to 
prolan. The phenomenon has been reeenUy confirmed by 
Leonard,^ similar synergistic effects with prolan having 
bemi secured by him through the employment of extracts 

t ^ M. Evans, K. Meyer and M. E. Simpson, * * The Eo¬ 
lation of Prolan to tiie Anterior Hypophyseal Hormones," 
Pros. 8oe. Bwp, BM, md Med,, 28 : 845, 1931. 

• S. If, Leonard, "Increased Stimulation of Immature 
Ovhtiee W Oomblned Injeotioau of Prolan and Hypo- 
Rofmone, Pros. Soe, IPsp. Jfol and Med,, 30: 


high in gonadotropic potency. Our earlier experimente 
led to the suggestion of the growth hormone as the syner¬ 
gistic substance, while the Leonard series provoked his 
hypothesis that the gonadotropic hormone itself was in¬ 
volved. Continued study of the phenomenon has shown 
that the anterior hypophyseal substance which increases 
the gonadotropic effects of prolan (when mixed in vitro 
with prolan) is neither the gonadotropic nor growth 
hormone. The new substance does not possess either 
growth- or gonad-stimulating properties, and is charac¬ 
terized by physical and chemical traits which clearly dis¬ 
tinguish it from the hormones in question. 

The effects of deprivation of magnesium in the animal 
body : E. V. McCollum, H. D. Kruse and Elsa B. Qbxnt. 
When young rats are deprived of magnesium but are given 
adequate amounts of other dietary essentials, they show a 
spectacular series of symptoms denoting a condition that 
is short and abruptly fatal in its course. Buccessively they 
pass through stages of vasodilatation and hyperirritability 
of the nervous system before succumbing in tonic-cloulc 
convulsions. This syndrome fits into the category of 
tetany, whan the term is used in its broadest sense. It has, 
however, characteristic features that differentiate it from 
all other forms of tetany. The chemical changes in the 
blood serve as further evidence to the distinctiveness of 
magnesium tetany, since magnesium is the only inorganic 
ion undergoing alteration. Adult males, restricted to the 
magnesium-deficient ration, suffer damage of the reproduc¬ 
tive system, resulting in sterility. A study of females as 
yet is incomplete. In addition to these effects on the 
nervous and reproductive systems which may be designated 
as local efforts, adult animals show constitutional changes 
in the form of nutritive failure, which is reflected in 
loss of body weight. Again, chemical examination of the 
blood offers an explanation of the nutritive failure, since 
it reveals an unusual disturbance in lipid metabolism un¬ 
like that seem hitherto in any other disease. It has been 
asserted that the mechanism of failure in fasting and 
deficiency diseases is identical; the blood picture in 
magnesium deficiency indicates that the mode of failure is 
entirely different in the two conditions. Studies of in¬ 
organic metabolism in animals deprived of magnesium 
reveal that while the animal runs a negative magnesium 
balance it retains calcium in the earlier stages to an ex¬ 
tent far in excess of control animals. If the animal has 
a long survival, period, however, this retention of calcium 
is broken. The retention of calcium is refiected In the 
ealcifloation of the long bones, analyses of which show a 
higher content of calcium. 

y 

Sate of development of pnmate embryos: G. L. 
Stb^sTer. Being able to study macaque embryos of 
known age throws light on the rate of dovelopmont during 
the flnt few embryonic weeks concerning which in human 
specimens only inadequate clinical data have thus far 
been available. The two genera differ in minor detaila 
of form and in rate of differentiation but these differences 
become progressively less in the early stages. The doee 
mor^ologlcal parallelism between embryos of monkey 
and man will be shown and a comparison will be made 
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tween some of the well-known human specimens and sim* 
ilar monkej specimens of known ages. 

Morphine and the oat: Wilder D. Bancroft, Bodeet 
8. Gutsell and John E, Butzlbr, Jr. It is usually 
stated that the action of morphine on the cat is funda^ 
mentally different from its action on man or on the dog, 
the cat becoming violently excited. We have tested six 
cats with varying amounts of morphine—five to twenty 
milllgramB per kilogram—injected subcutaneously and 
intramuscularly. While the cats showed a slight excite¬ 
ment, there was nothing approaching mania, and it is not 
certain that the effect is anything more than the irritability 
corresponding to sub anaesthetic doses. Oral administra¬ 
tion of sodium rhodanate decreases the excitement pro¬ 
duced in cats by morphine. Toxic, but not lethal, doses 
destroy the excitement almost completely. In the presence 
of histamine, an agglomerating agent, the effect of mor¬ 
phine lasts almost twice as long. Morphine caused dilata¬ 
tion of the pupils and a doubling under of the hind quarters 
in all six cats. Sodium rhodanate ellminatod the doubling 
under but had no appreciable effect on the dilatation. A 
few men and more women are said to become violently 
excited under morphine and this is said to be true of all 
human beings in the manic state. There is therefore no 
fundamental difference in the action of morphine on men 
and on cats though tho relative incidence of the drug is 
undoubtedly different. It is possible that a greater per¬ 
centage of cats than of men become violently excited by 
morphine; but there is no real evidence either way. 

The isotopic fractionation of water: Edward W. Wash¬ 
burn, Edgar R. Smith and Mikkel Frandsen. When 
water is subjected to electrolysis an isotopic fractionation 
occurs.i It has been found that the heavier isotope of 
hydrogen and the heavier isotopes of oxygen are concen¬ 
trated in the residual water. The specific gravity of the 
residual water rises continuously as the electrolysis pro¬ 
ceeds. The rise in specific gravity is accompanied by a 
rise in tho freezing point and in the boiling point and 
by a decrease in the refractive index. No indication of 
approach to an electrolysis equilibrium has been found, 
and there is every reason to hope that it will be possible 
to obtain tho various isotopes of hydrogen and oxygen in 
a pure state, certainly in highly concentrated form. If 
the oxygen from the electrolysis of normal water is com¬ 
bined with normal hydrogen, the water produced has a 
lower specific gravity than normal water. If this water 
be again partially electrolyzed and tho oxygen combined 
again with normal hydrogen, a further drop in the spe¬ 
cific gravity of the water occurs. It will consequently 
be possible to prepare isotopically pure water of the 
composition HiOibHi and hence to determine very accu¬ 
rately the atomic weight of normal oxygen on the Qifl = 16 
scale. With tho different isotopes of hydrogen and oxy¬ 
gen available in pure form, a new field of chemistry and 
possibly also of biology will bo opened up, since the dif¬ 
ferent isotopes of hydrogen, at least, may be expected to 
exhibit pronounced differences in chemical behavior. A 
survey is being made of water from different natural 

1 Washburn and TJrey, Troc, Nat Aead, Sou, 18: 496, 
1982. 


sources to find out whether differences in isotopic com¬ 
position occur in nature. 

Neutrons and atomic nuclei: Wiluam D. Harkins. 
The neutron Is an electrically neutral nuclear particle of 
about 10^18 cm diameter and of about the mass of a hy¬ 
drogen atom. The existence of neutrons in the radiations 
from beryllium, when a piece of this material is bom¬ 
barded by fast a-pnrticles, was recognized by Chadwick 
in 1932. That tho nucleus of the beryllium atom con¬ 
tains a neutron was assumed in 1915 by Harkins and 
Wilson, and the characteristics of free neutrons were 
given in 1920 by the writer and by Rutherford. Photo¬ 
graphs of the disintegration of nitrogen nuclei by fast 
neutrons from beryllium have been obtained by Gans, 
Newson and the writer. One of these photographs shows 
the effect of a neutron of extremely high energy, which 
amounts to 15 million electron volts or a velocity of about 
33 thousand miles per second. This is by far the fastest 
neutron thus far detected. The work of Feather in Cam¬ 
bridge, together with that of this laboratory, indicates 
that in disintegrations of nuclei by neutrons kinetic en~ 
ergy is either conserved or disappears and is converted 
into gamma-rays. The energy found to disappear in the 
reaction—Nitrogen 14 + Neutron 1 = Boron 11 + Helium 
4—is represented by only a few definite energy values, 
BO it seems probable that definite energy levels exist in 
some of tho nuclei involved, in that of boron of mass 11. 
A neutron plus a proton may be assumed to form a hemi- 
alpha particle or nucleus of a hydrogen atom of mass 2. 
Certain interesting relations are found if it is assumed 
that atomic nuclei consist of alpha particles, neutrons and 
bemi-alpha particles. These will be discussed in connec¬ 
tion with the Harkins-Masson nuclear formula (Dp) 2 nj, 

or gUj, in which Z is the atomic and I the isotopic 

number; n, a neutron; p, a proton; and a represents an 
a-particle of group. The completion of an a-pnrticlo in 
a nucleus by the addition of a hemi-a*particle gives an 
extremely large amount of energy: 20 million electron 
volts or more. It is found that neon gives the smallest 
and nitrogen the largest number of nuclear disintegra¬ 
tions from bombardment by neutrons of the three gases 
thus far tested—nitrogen, oxygen and neon. Experiments 
with other gases, sucli as ethylene, are in progress. 

A possible dltemative formula for sucrose ; C. B. Hud¬ 
son and C. B. Purves. In an attempt to prepare a 
methyl fructoside possessing the same ringed structure as 
that depicted for the fructose residue in the generally 
accepted formula for sucrose, cane sugar was dissolved at 
room temperature in methyl alcohol containing hydrogen 
chloride. The reaction was found to proceed with re¬ 
markable rapidity and to give rise initially to glucose In 
a reducing condition and to a mixture of methyl fruoto- 
sldes of a gamma t 3 rpe. On the basis of the usual struc¬ 
ture for sucrose, stable alpha methyl glucoside and an 
individual beta methyl gamma fructoside had been ex¬ 
pected as the sole initial products of the reaction. This 
unforeseen result tnduced the authors to review the ex¬ 
perimental evidence upon which the ehemical constitution 
of sucrose is at present based and they point out that the 
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wbole of theoe experimental data can be equally well 
■atiafied by an alternative etructnre for the disaoeharide. 
In the possible alternative etmeture sucrose is regarded 
not as a glueosido gamma fructoside but as a dicyelic 
acetal condensation product of open chain glucose and 
open chain fructose. 

The toidthe of the K absorption limits in ct-ray spectra: 
F. K. Bicbtmyeb and S. W. Barmss. By means of a 
twO'Orystal spectrometer the widths of the following ele- 
mmsts have been studied: Mo(42), Ag(47), In(49), 
Sn(60) and W(74). Except in the case of Sn(50) none 
of the limits showed any trace of fine structure. After 
making an approximate correction for the width of the 
rocking curves of the pair of crystals used, the widths of 
the several limits in volts are as follows: Mo(42), 
18 volts; Ag(47), 28 volte; In(49), 31 volts; W(74), 
133 volte; Au(79), 160 volte. Within experimental error 
there seems to be no difference between the limit of 
Ag(50) In the metal and in the oxide. The absorption 
limit of Sn(60) seems to show a structure which per- 
haps may bo associated with the fact that Sn has a largo 
number of isotopes, in contrast with Ag, which has two, 
and In, which has only one constituent. 

New optwal properties of the alkali metals: B. W. 
Wood. Continuing an investigation made over dftoon 
years ago, on tho remarkable transparency of films of 
sodium and potassium to ultra-violot light, and their 
opacity and high reflecting power in the visible region, 
it has now been found that there is a fairly sharp transi¬ 
tion point in the spectrum at which an alkali metal ceases 
to exhibit tho properties of a metal and assumes those 
of a dielectric. A potassium film, through which the 
sun's disc is invisible, transmits 25 per cent, of the 
energy in the region between 3,000 and 1,860. For this 
spectral range it gives plane polarization by reflection 
of unpolarized light, having a Brewsterian angle of about 
37®. The spectrum of a light source giving a continuous 
spectrum, reflected from a film of the metal several wave¬ 
lengths in thickness, shows interference maxima and 
minima the fifth order or higher being recorded. The 
transition point, at which the properties change, descends 
in the spectrum, with decreasing atomic number being 
at about 4,000 for caesium and 2,000 for lithium. The 
use of the films as ray filters for spectroscopic work will 
be discussed. 

AppHioation of the three-color principle to oil painting: 
Hkbbekt E. Ivks. The experimentally well-ostablishod 
faet that all ooIotb may be matched by the mixture of 
three properly selected primaries has been extensively 
used in color photography and typographic printing. It 
has not, however, been heretofore successfully used in 
painting. The usual artist's palette consists of a dozen 
or more pigments, with the rbsult that tho number of 
ways of making desired colors by mixture is very large 
and quite unamenable to systematization. Learning how 
to USB these numerous pigments is a matter of long ex- 
perionee. The simplification indicated by the three-color 
prlBfliple has been retarded in realization largely owing 


to tbe mistaken but widely held belief, that the primary 
pigment colors are red, yellow and blue. Actually the 
pigment primaries, which act by subtraction or absorp¬ 
tion of light from white, should be complementary in hue 
to the red, green and blue, which are the primaries for 
mixing light by addition. Those colors are a minus red 
(spectrum minus red) or turquoise, a minus green, or 
crimson, a minus blue, or yellow, each having wide over¬ 
lapping spectral reflection bands. Figments of these 
colors, of proper spectral characteristics, are capable of 
mixing in pairs to make red, green and blue, and all 
three together to make black. When mixed with white 
all variations of saturation and hue are obtained. The 
practical problem consists in procuring pigments pos¬ 
sessing the indicated spectral reflectivities and having 
satisfactory chemical properties, such as freedom from 
reaction with the oil or other medium, and satisfactory 
permanence. Due to the very great advances which have 
been made in the dye industry to meet recent demands 
for permanent colors for automobiles and outdoor signs, 
it is now possible to select pigments nearly enough meet¬ 
ing the scientific requirements to test the practicability 
of the principle. This has been done with success, and 
pictures so painted are exhibited in connection with the 
presentation of this paper. 

On supraconductivity and the Hall effect: Edwin H. 
Hall. The experiments of Onnes from which he con¬ 
cluded that the Hall effect does not exist in the supra- 
conductive state of metals are inconclusive. Those ex¬ 
periments were of two kinds. In one the metal under 
examination was tested in the usual direct method which 
reveals the effect in the ordinary conductive state. In 
the other a metal spherical shell, in which persistent 
(self-sustaining) currents had been set up, was sub¬ 
jected to a magnetic field which, in the opinion of the 
experimenter, tended to swing the currents into new 
orbits within the metal. Failure to discover such a de¬ 
flection led Onnes to infer the non-existence of a Hall 
effect. There is reason to doubt whether in either of 
these methods of experimentation the magnetic lines of 
force penetrated the metal to any appreciable degree. A 
different procedure for testing the question at issue is 
proposed. 

The Pleistocene diversion of the Mississippi Siver 
across Crowley^s Ridge, southeastern Missouri: F. E. 
Matthes. The lower Mississippi Valley throughout its 
upper half is divided longitudinally into two parallel low¬ 
lands by a narrow strip of hilly upland, 100 to 260 feet 
high, known os Crowley's Kidge. Originally the Mis¬ 
sissippi followed the lowland on the west side of this 
ridgs, but now the river cuts across it at Thebes, Illinois, 
in spite of the fact that the ridge there is seven miles 
broad and composed In part of hard limestone. In con¬ 
sequence of this remarkable change in course the Mis¬ 
sissippi now joins tho Ohio 200 miles north of its original 
point'of confluence with that river, and the entire drain¬ 
age net in a valley af^a aggregating 17,000 square miles 
has been rearranged. Recent investigations have shown 
that the diversion of the Mississippi at Thebes and 
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diTeraioni of ita waters at points now indicated by 
abandoned gaps in Crowley's Hidge were brought abont, 
not by capture of the river by southward flowing streamSi 
as has been supposed^ but by overflow at a time, late in 
the Pleistocene epoch, when the Mississippi had aggraded 
its valley with silt derived from the continental ice sheet 
to a level about 50 feet above the present flood plain* 
Numerous terraces composed of glacial outwash material 
afford the principal evidence. The Ohio River also 
played a part in connection with the diversion of the 
Mississippi River. It flowed at that time across southern 
Illinois, through the valley now occupied by Cache River. 
By paring away the southeastern edge of Crowley’s 
Ridge it beheaded several northwestward draining val¬ 
leys and thereby created spillways at fairly low levels. 

Archean formaitoTui of the Grand Canyon: Ian Camp- 
hEhh and John H. Mazson (introduced by John 0. Mer- 
riam). The oldest rocks exposed in the Inner Gorge of 
the Grand Canyon comprise a thick and varied mota- 
morphic series (Vishnu schist). These rocks are invaded 
by granitic intrnsives (phantom granite). So complex 
and BO intimate are the relations between the meta- 
morphic series and the igneous rocks that in many in¬ 
stances the resulting formation can only be described as 
a inigmatite. The original sedimentary nature of the 
schists is shown by the occurrence of quarUite, calcareous 
members, iron formations and sandstone lentile in 
slightly altered schists. It is also indicated by retention 
of such characteristic sedimentary structure, os stratifica¬ 
tion and cross-bedding. Following the regional meta¬ 
morphism of the sediments, tlie phantom granite was 
emplaced by processes of assimilation and granitization. 
Different facies of the granite and its associated pegma¬ 
tites resulted from differing character and intensity of 
deuteric alteration. 

iionve features of flowers and fruit of a now Cordaites: 
David White. Fossil plant fragments of Pottsville age 
discovered in southeastern Illinois by the State Geological 
Survey disclose leaves, flowers and seeds of a single spe¬ 
cies of Cordaites. Male and female flowers, CordaianthuSf 
are small, bud-shapod and nearly alike. The young seed 
in the midst of the flower is narrow, soft and is deficient 
in wing. Stamens, protected like the ovules, by bracts 
■when young, are numerous in the upper part of male 
flowers, protruding beyond the bracts and arching bou- 
quot-liko when mature, with oblong pollen sacs strewn 
along the upper ends. The base of the stamen seems 
exactly axillary. The small seeds (Cardiocarpon) are 
longitudinally oval-rhomboidal, with spiuose glandular 
sarcotest, widely dilated as wing and narrow cordate- 
oval acute **hard*’ coat. No clearly defined pollen char¬ 
acter is noted in the material, consisting of impressions 
and carbonized residues only. The micropylar canal is 
distinct, even in immature seeds. In some large seeds, 
structures, apparently tubular and seemingly continuous 
with the micropyle, extend, while dilating somewhat, far 
down into the interior of the endosperm. These struc¬ 
tures, which the author is unable to regard as fungal, 
mre interpreted as indicating a stiage of development at 


Which the arohegoaiol wall and part of the endoepermie 
ee&ter had broken down. No embryo hi^ definitely been 
recognised In any Paleozoic seed. 

Primitive cephdlopods: Atio. F. Fo&asTi (introduced 
by David White). 

Metaxenia and neophoaia, two forma of morphogenatic 
influence exerted hy the generation-complem of the emhryo 
aao apparatus in higher planta: Walter T. Bwiwolr (in¬ 
troduced by B. A. Harper). [To be printed in Soiemoe.] 


The effect of alternation from aporea to vegetative cells 
on the growth and activity of certain cmaerohic heicteria: 
£. B. Fred and E. McCoy. In a study of the factors 
that govern the growth and activity of bacteria, little 
consideration has been given to the effect of periodic 
changes from the spore to vegetative stage. Oecaslona] 
statements have been made that the spore stage repre- 
sente a regenerative phase of the cycle and that vege¬ 
tative cells immediately following germination are of 
greater vigor and activity. The anaerobic bacteria repre¬ 
sented by Cl. aeetohutyUcum and B. amylohaeter (Brede- 
mann) were chosen for the study of the effect of serial 
transfer involving periodic change from spores to vegeta¬ 
tive cells. At regular intervals of four to five days the 
cultures were subjected to heat treatment of 1.5 minutes 
at C. and were then used for subcultures in the usual 
way. All tests were made in & per cent, eom mash, a 
medium known to be suitable for the growth and sporula- 
tion of these organisms. At the present time the experi¬ 
ment has been carried to the one hundred and tenth 
transfer. Results of the comparison of the first and the 
one hundredth transfer are now available. The fermen¬ 
tation products of these culture generations have been 
determined, both as to quantity and ratio of products, 
but no significant difference has appeared. Vigor of 
growth has been maintained and, if anything, has become 
more regular with succossive transfers. Comparisons of 
spore formation of the first and the one-hundredth cul¬ 
ture generations seem to indicate an increase in the 
number of spores produced. This increase may account 
for the consistent activity which has been obtained. 
During this long period of time no culture has dropped 
out of this series because of failure to grow. This is an 
unusual record for an experiment with an obligate 


anaerobe. 


(To he contintbed) 
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THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 

PRELIMINARY ANNOUNCEMENT OF THE SUMMER MEETING TO 
BE HELD IN CHICAGO FROM JUNE 19 TO 30, IN CON¬ 
NECTION WITH THE CENTURY OF PROGRESS 
EXPOSITION 

Edited by Professor HENRY B. WARD 

PliKMANENT SECRETARY 


This year the summer meeting of the American 
Association for the Advancement of Science is excep¬ 
tional in character and importance. It is to be held 
in Chicago, the great metropolis of the Mid West; it is 
to cover twice the usual period, the time this year ex¬ 
tending from June 19 to 30, inclusive; it welcomes 
as guests scientists from other lands; it is signalized 
by programs embracing oontributions by loaders in 
scientific research from the nations of the world. 

Recognizing the signiflcanoe of this occasion, the 
secretaries of the sections and of the affiliated socie¬ 
ties have been for months devoting special attention 
to organizing programs depicting in each field the 
progress of science in the past and the outlook for 


its future service to the nation and the world. No 
summer meeting previously held in this country has 
offered to students of science or to the public inter¬ 
ested in soientific advancement an opportunity as rich 
and varied as that embodied in the plans now an¬ 
nounced for this meeting. 

First of all the location is peculiarly appropriate 
for such a gathering. A century ago this region was 
on the edge of the wilderness. In 1833 Chicago was 
incorporated as a frontier city; this year, as a great 
metropolis, it celebrates its centenary in a manner 
calculated to emphasize the tremendous progress 
which, in common with the nation, it has made in a 
hundred years. Its marvelous development is based 
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on the advancement of soienee. The Century of 
Progress Exposition, eoneeived, planned and carried 
to successful realization despite tremendous difficul¬ 
ties in the immediate past, offers to the association 
concrete demonstrations of the advancement of sci¬ 
ence in variety and extent heretofore unessayed by 
any organization or community in the world. The 
unique eharacter of the exposition will be apparent 
to all who participate in the meetings. 

Working together the Century of Progress and the 
association issued last year invitations to a selected 
list of loaders in scientific research throughout the 
world to visit Chicago and take part in the programs 
of the meeting. Acceptances were received from 
about forty and their eontributions appear in the gen* 
eral program of the meeting outlined later in this an¬ 
nouncement. In consequence of the presence and 
participation of these foreign guests together with 
many distinguished men from this continent, the meet* 
ing takes the form of an international congress. It 
affords a rare opportunity for personal contacts and 
exchange of views on the progress of science here and 
elsewhere which will be of the highest value to Amer¬ 
ican workers and will stimulate increased activity in 
these fields. 

The list of foreign guests, as already printed in 
ScuBNoz for November 25, 1932 (p. 484), has suf¬ 
fered only slight modification due to various circum¬ 
stances. The speakers and their topics so far as an¬ 
nounced are given later in this article in the record 
of meetings and general sessions. 

The period of two weeks decided upon for the 
meetings is well filled by the programs of the sections 
and of the participating societies. While it has not 
been possible to group together all similar organiza¬ 
tions, still the first week in general is being utilized 
by societies representing pure sciences, whereas those 
in applied sciences meet in the second week. The 
number of affiliated societies meeting with the asso¬ 
ciation is unexpectedly large; indeed, the group of 
engineering societies is so large that this period has 
rightly been designated as Engineering Week. Rela¬ 
tions to the organizations have determined the precise 
time for certain special groups; thus the meetings of 
Section N (Medical Sciences) come in the first week, 
immediately after the convention of the American 
Medical Association in Milwaukee, and those of Sec¬ 
tion Q (Education) fall at the end of the second 
week, thus leading up to tlie sessions of the National 
Education Association immediately following. 

To a large extent the programs of the sections and 
the affiliated societies have assumed a special char¬ 
acter for this occasion. Many symposia have been 
organized which merit particular attention, as they 
include addresses by the foreign guests and by Amer¬ 
ican soientiats of distinction, Siii^ addresses and 


short series of invited papers dealiii^ with partidakr 
problema have been preferred to miseellaneoos lists of 
contributed papers. An effort has been made to leave 
time open, especially in the afternoons, which can be 
used for group conferences, informal discussions and 
social affairs. 

The evenings have been devoted to a series of gen¬ 
eral sessions, with programs of wide general interest 
and speakers in fields commanding present attention. 
Most of these programs are announced under the aus¬ 
pices of some section and are planned definitely to 
appeal to the general membership of the association, 
both by nature of the topics presented and of the 
speakers. It is the hope of the association that these 
oecasions may also attract such attention from the 
citizens of Chicago and vicinity as will make known 
the wozk of the association and the significance of sci¬ 
ence as the essential factor in determining progress in 
the coming century. While the list of events is still 
subject to slight modification, the series of evening 
sessions will be substaniially as follows. 

EVENING MEETINGS 

On Monday evening, June 19, the Century of Prog¬ 
ress Exposition will tender a reception to the associa¬ 
tion and associated societies in honor of the foreign 
guests. This reception will be hold in the Hall of 
Science on the Exposition Grounds. Admission will 
be by badge or ticket only. Members should not fail 
to roister sufficiently early to secure the necessary 
items. 

On Tuesday evening, June 20, Section N (Medical 
Sciences) has organized a general session for the asso¬ 
ciation and its friends. The program will be devoted 
to the topic of ^^A Century of Progress in Medicine.^’ 
The public is invited. The speakers include; Dr. 
Morris Pishbein, editor of the Journal of the Amer¬ 
ican Medical Association, on ^^Frontiers of Medi¬ 
cine”; Dr. Paul Dudley White, of the Harvard Med- 
ieal School, on ^'Heart Disease”; Dr. Max Cutler, of 
the Michael Reese Hospital, on **The Conquest of 
Cancer”; Madame Curie, of Paris, will also take part 
This meeting will be held in a large auditorium, the 
location of which will be announced later. 

On Wednesday evening, June 2X, the general selk^ 
sion will be conducted under the auspices of Section 
B (Physics). The speakers will include Dr. F. W- 
Aston, of Cambridge, England, on ^*The Story of 
Isotopes,” and President B. A. Millikan, of the Calt^ 
fomia Institute of Teobnology, on ^NeW Light on 
Nuclear Physios.” 

The same evening Section F has provided anotlm 
gmmtal session, with Dr. Bichard Goldedutddt as 
s|>eaker, cm the topic ^'Some Aspects of 
Thurodsy evening, June 22, wifi hf 
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banquet given by the aaaooiation in the Grand Ball 
Boom of the Hotel Stevens in honor of foreign gnests. 
Members desiring tickets for themselves and friends 
should make early reservation. Attendance at the 
banquet is also open to friends of the association, 
after provision has been made for members desiring 
to participate. Further details 'will be announced in 
the general program. 

On Friday evening, June 23, there will be a gen¬ 
eral session at the Field Museum under the auspices 
of Section H (Anthropology), in which Professor C. 
U. A. Kappers, director of the Central Institute for 
Brain Research, Amsterdam, Holland, will give an ad¬ 
dress on ‘‘The Anthropology of the Near East in Con¬ 
nection with the History of its Population.’’ On this 
evening the Field Museum will hold an open house for 
the members of the association and their guests. 

Section I (Psychology) sponsors a general session 
for Saturday evening, June 24, in which Professor 
Charles E. Spearman will speak on “Recent Advances 
in Our Knowledge of Human Personality,” 

On Monday evening, June 26, comes a symposium 
arranged with the cooperation and support of the Far 
Reaching Foundation of Denver. The program on 
the subject “Nationalism” has been worked out by a 
special committee of Section L (History and Phi¬ 
lology), Professor Charles A. Beard, president of the 
American Historical Association, will present a paper 
on “Nationalism in American History.” Professor 
Bernadotte Schmitt, of the University of Chicago, will 
also speak. It is hoped that one or more of the 
foreign guests will take part. 

On Tuesday evening, June 27, Section M (Engi¬ 
neering) and the engineering societies will hold a 
joint general session in the Grand Ball Room of the 
Palmer House. Dr. A. P. M. Fleming, of the Metro¬ 
politan Vickers Electrical Company, Manchester, En¬ 
gland, will address the session on “The Development 
of Engineering in the Last One Hundred Years.” 

Wednesday, June 28, is recognized by the Century 
of Progress Exposition as Engineers’ Day. The gen¬ 
eral banquet of the engineering societies and Section 
M will be held that evening in the Grand Ball Room 
of the Hotel Stevens. 

Thursday evening, June 29, Section K (Social Sci¬ 
ences) will sponsor a general session. Professor 
Heniy Clay, of Manchester, England, will deliver the 
address of the oooasion. 

Friday evening, June 30, the general session is held 
under the auspices of Section Q (Education). The 
topic of the evening is ‘Education for a Democracy.” 
Profeaaor Widter P. Dearborn, of Harvard Univer- 
eify, will preside. Miss Jane Addams, of Hull House, 
Chicago^ and President Robert M. Hutchins, of the 
Universi^ of Chicago, will speak. 


Certain other special features in the general pro*^ 
gram merit particular mention. Among these is the 
conference on “The Diffusion of Scientific Knowledge,” 
organized by Science Service under the leadership of 
Dr. William H. Howell. The wide-spread and unfor¬ 
tunate failure of the genera) public to recognize the 
fundamental importance of research as a condieio sine 
qua non of advancement in the well-being of all na¬ 
tions and the necessity of maintaining and increasing 
rather than reducing and crippling such activities at 
the present time make this topic of outstanding im¬ 
portance. The discussion by a group of distinguished 
foreign scholars from widely different environments is 
certain to yield results of great value. 

The meeting of the American section of the Inter¬ 
national Union of Pure and Applied Sciences with 
foreign guests will convene on Saturday morning, 
June 24, in the International House on the Univer¬ 
sity of Chicago campus, under the leadership of Presi¬ 
dent R. A. Millikan, chairman of the luiion, and Pro¬ 
fessor F. K. Richtmyer, of Cornell University, chair¬ 
man of the section. The program includes papers by 
Sir Richard Glazebrook, M. Henri Abraham, pro¬ 
fessor at the Sorbonne, l*rofcssor Leigh Page, of Yale 
University, Dr. George A. Campbell, of the American 
Telephone and Telegraph Company, Dr. Harvey L. 
Curtis, of the U. S. Bureau of Standards, and Pro¬ 
fessor A. E. Kennolly, of Harvard University, 

On Tuesday afternoon, June 27, the American So¬ 
ciety for Testing Materials has arranged for a joint 
meeting with Section M (Engineering). On this occa¬ 
sion the Edgar Marburg Lecture will be given by Dr. 
Herbert John Gough on “The Crystalline Structure in 
Relation to Failure of Metals, Especially by Fatigue.” 
In 1925 the American Society tor Testing Materials 
instituted the Marburg Lecture for the purpose of 
securing at annual meetings, by leaders in the respec¬ 
tive fields, reports of outstanding developments in the 
promotion of knowledge of engineering materials. 
The lecture commemorates the name of the first sec¬ 
retory of the society, through whose development of 
the technical programs the organization has become 
widely recognized as a forum for the discussion of 
properties and tests for engineering materials. 

Important symposia and more technical addresses 
by distinguished foreign guests" and others have been 
developed by many sections and societies and are 
listed for meetings during the afternoon hours and 
in connection with society dinners. A record of these 
items will be found under the programs of the organi¬ 
zations ooncemed. 

On S.unday morning, June 25, members of the asso- 
ciation are invited to attend services in the Univer¬ 
sity of Chicago Chapel. The address will be given by 
Professor Shailer Mathews. It is hoped that speeU 
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oourteaios cun be offered to the ausooiation on Sunday 
afternoon also, of which later notice will be given. 

ENTERTAINMENT FOR LADIES 

Mrs. Plenty Gale, chairman of the Ladio.*^’ Com- 
loittec, has reported the present stage of plans for 
entertaining the ladies while their husbands ai'c at¬ 
tending the scientific sessions. On Wednesday, there 
will be an automobile trip up the North Shore, 
luncheon and visits to two or three private gardens, 
with tea; on Thursday afternoon, a visit to the Uni¬ 
versity of Chicago campus, with tea at the Ida Noyes 
Hall; in the late afternoon, probably on Friday, a 
boat trip on the lake in private boats of Chicago 
yachtsmen. For at least the first and last of these 
functions the parties will be limited m number. 
Plans for registering for them will be announced in 
the printed programs for the meetings, along with 
plans for visiting other points of interest in Chicago 
by individual request, guest memberships at the 
women’s clubs, etc. 

THE CENTURY OF PROGRESS EXPOSITION 

{From the Exposition office through the courtesy of 
Dr. Philip Fox) 

The Century of Progress Exposition, in addition to 
having a historic^aJ background, will show the latest 
industrial developments and the basic scientific prin¬ 
ciples behind them. A replica of Fort Dearborn, 
Chicago's first building, is seen there, and with a turn 
of the head the lofty skyscrapers of America's fore¬ 
most contribution to architecture, which had its in¬ 
ception in Chicago. 

The general type of exhibits of the Basic Science 
Dmsion was outlined by the Science Advisory Com¬ 
mittee of the National Research Council. The ex¬ 
hibits are intended to present a unified front of 
modem science, but for operating purposes they are 
classified under the following seven heads—Mathe¬ 
matics, Astronomy, Physics, Chemistry, Biology, Geol¬ 
ogy and Medicine. The exhibits are for the most 
part presented in the Hall of Science. They are de¬ 
signed to bo intelligible and appealing to the uniniti¬ 
ated and at the same time of interest to the specialist. 

In the field of biology, every resource at command 
will be enlisted to present in clear and simple fashion 
a few of the fascinating problems and principles of 
that science. Living plants and animals will be used 
in the demonstration of the principles of genetics, evo¬ 
lution, ecology and animal societies. The role of the 
cell will be emphasized. Cell activities will be demon¬ 
strated and illustrated by models of magnified oelk. 
So fax as possible the demonstrations will be made by 
means of moving models, living specimens, moving 
pictures and transparencies, as well as preserved 


plants and animalB. Among highly interesting pres¬ 
entations will be the embryologioal exhibits, the 
models displaying the physical mechanism of speech 
and thought, the union of plant cells, the production 
of food in plants, the growth of trees, marine biology, 
the distribution of plant life over the globe, etc. 

Chemistry will bo presented as the fundamental sci¬ 
ence of the transformation of matter. The exhibits 
will attempt to demonstrate what chemistry is and 
what it has done to advance civilization. Such phe¬ 
nomena as burning, the rusting of metals, the com¬ 
bustion of fuels, the function of breathing, etc,, will 
be shown as various mamfestations of chemical 
change. The development of the world's raw mate¬ 
rials and their production by means of ohemical trans¬ 
formation into articles and commodities of vital neces¬ 
sity to mankind will be shown. The principle of catal¬ 
ysis and its application to the production of useful 
products, the application of the principle of absorp¬ 
tion and the study of oolloidal matter and the products 
which have resulted will likewise be portrayed. Im¬ 
portant chemical applications of electricity will be 
demonstrated. 

In the geological exhibits the origin and growth 
of the earth will be traced by moans of operating 
models and other dynamic exhibits. How the proc¬ 
esses of deposition and erosion have changed the 
earth’s contours will be shown. The formatioif of 
mountain ranges, how volcanoes and geysers occur 
and the origin and recording of earthquakes will be 
explained. Petroleum's occurrence in the earth and 
man's amazing methods of locating it will be shown 
by a series of exhibits. A geological time dock, 
which records 2,000,000,000 years of the earth's his¬ 
tory within the space of a few minutes, will be an¬ 
other unique feature of this exhibit. 

Visitors will be given a broad and eomprehensiUe 
view of mathematics. This science, for purposes of 
clarity in the exhibit, has been divided into four major 
subdivisions: numbers and algebra, geometry, analysis 
and applied mathematics. Historic apparatus and in¬ 
struments used by the U. S. Navy in navigation, gun¬ 
nery and communication will be on display. The con¬ 
tributions of mathematics to the development of other 
basic sciences will be interestingly set forth. 

In the exhibits of physics, visitors will learn of a 
wide variety of phenomena^-4iow gases can exert high 
pressure, how gas and steam engines and refrigeratitKg 
systems operate, how drops of water and other Uquidfl 
happen to be round, how sounds are produced, trans¬ 
mitted through the air and recorded. Fundamental 
electrical phenomena will be demonstrated, and tts 
application of eleetrieity and magnetism to industvilt^ i 
uses for man’s welfare will be deaify set : 

of the interesting teaMm of the exfaibita of 
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vili be an optieal section which reveals refraction of 
light by pnsms and lenses, colored effects produced 
in various ways and important spectra* 

The astronomical exhibit is housed in the Adler 
Planetarium and Astronomical Museum, which con¬ 
tains an unexcelled collection of antique astronomical 
and mathematical instruments for observation and 
computation. The chief exhibit is the Zeiss Optical 
Planetarium. No instrument has been devised which 
has greater versatility in exhibiting the phenomena of 
any science. 

The medical sciences will tell the story of the con¬ 
trol of pain, of the doctor's service to the sick, of anti¬ 
sepsis and asepsis in surgery, the discovery of the 
x-ray, the extension and clarifications of man's vision 
by means of the microscope, the progress of medicine 
from the saddle-back doctor of 1533 to the scientific 
practitioner of to-day. One of the striking features 
of the medical exhibit will be the transparent man— 
heroic model of the human body, showing the skeletal, 
nervous, vascular, respiratory, digestive and muscular 
systems. 

Outdoor and indoor exhibits will come to tell a com¬ 
plete story of social science, tracing the life of man 
from earliest times to the present. In the outdoor 
area groups of Indians will live their native life as 
closely as possible. This exhibit will culminate in a 
reproduction of one of the great Maya buildings of 
Yucatan—the highest development of American abo¬ 
riginal culture. 

The indoor exhibits will be housed in the Hall of 
Social Science. A central exhibit—the American 
family—sets the keynote for the stories of education 
and social work. The dramatic story of anthropology 
begins a huge relief map showing the nine cultures 
of North America. 

Another display tells how the story of the past is 
read; once read it becomes history. This in turn 
leads to the exhibits in psychology and sociology and 
on to statistics, economies and political science. In 
the section on education is shown the development of 
the American School in response to American needs. 

The record of agrtcnlture and engineering, too ex¬ 
tensive even to be summarized her^ is shown in ap¬ 
propriate buildings. To the migineers the exhibits in 
the Electrical Building and Transportation Building 
will be of special interest. The type of construction 
in many of the buildings also presents some novelties. 
In addition there are separate exhibits by the great in¬ 
dustrial concerns. 

POINTS OP INTEREST AND EXCURSIONS 
(By C(mrt 09 y of tho loecA coifmittoe) 
im numerons points of interest in and about 
ior its visitom Tho city is bmng %uilt on a 


d^nite program, which has as its slogan Daniel H. 
Burnham’s injunction: “Make no little plans." The 
park and boulevard systems, the forest preserves, the 
reyersal of the Chicago River as an item toward the 
sanitation of Chicago and the development of the 
Lakes-to-Ghilf Waterway are integral parts of the 
plan. 

One should visit the Art Institute, the Field Mu¬ 
seum of Natural History, the Adler PJanetanom and 
Astronomical Museum, the Museum of Bcionce and 
Industry (which in its present form preserves the 
beauty of the Fine Arts Building of the Columbian 
Exposition), the Bhedd Aquarium, the Oriental In¬ 
stitute, the Zoological Gardens, the Chicago Histor¬ 
ical Society Building, the Museum of the Chicago 
Academy of Sciences and the educational institutions, 
principally the University of Chicago and Northwest¬ 
ern University. 

If interested in the world's food supply, visit the 
International Harvester plant, the Stock Yards and 
the Board of Trade. One may visit also the steel 
center in South Chicago and Gary, the oil-refining 
plants in Whiting, the great merchandising plants of 
Sears-Roebuok and Montgomery Ward, the Merchan¬ 
dise Mart, great stores, of which Marshall Field's is 
the premier, the banking center of LaSalle Street and 
the great printing establishment of the Lakeside 
Press. 

The Sand Dunes at the south end of Lake Michigan, 
Lake Geheva with the botanical gardens and the 
Yerkes Observatory, or farther, the Dells of Wiscon¬ 
sin, provide attractive excursions; likewise, short lake 
trips or boat trips across the lake and to Milwaukee. 

THE AMERICAN ASSOCIATION PRESS 
SERVICE 

{By Austin E. Clark) 

The aim of the Press Service is to assist in present¬ 
ing to the public through the press a true and accu¬ 
rate story of the development of science in this coun¬ 
try. Naturally the development of science, as por¬ 
trayed, in the press faom year to year, is to a large 
extent comparable to a history of the scouts and ad¬ 
vance guards of an army rather than to the more 
methodical progress of the army itself. 

When we who are engagoiUn science delve into his¬ 
tory we like to read of the more spectacular events, 
and. we are prone to evaluate history on the basis of a 
scattered and more or less disconnected series of 
such events, more or less completely ignoring the 
more prosaic social trends that gave these events their 
sigmfLcance or made them possible. 

To one who really knows history the average man's 
idea of historical events seems just as far afield from 
a prdper eonoepUon of tiie basic fundamentals as sci¬ 
ence in the press seems to the scientific man. Beth 
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fteienoe and history, when brought before the public, 
must be presented in terms that interest the public 
and that the public understand. The public is not in¬ 
terested m the slow progress of a great army or in 
the progress of the great mass of scientifio workers. 
But*it is interested in results, especially spectacular 
results. 

We who are engaged in scientific work are fortu¬ 
nate in having the results of our labors presented in 
the press by a corps of able and conscientious writers 
in whom we are justified in placing complete confi¬ 
dence. If, in order to interest the public, these writ¬ 
ers must lay emphasis on points that are quite differ¬ 
ent from the points that we m talking among ourselves 
would emphasize, that is their responsibility. So long 
as what they write is accurate, we have no valid rea¬ 
son for objection. This fact is now very generally 
realized and appreciated. 

At Chicago the functions of the Press Service will 
be carried on as heretofore. Those who are to pre¬ 
sent papers are asked to send two copies of their 
manuscripts, each accompanied by an abstract, to the 
American Association for the Advancement of Sci¬ 
ence Press Service, Smithsonian Institution Building, 
Washington, D. C., as far in advance of the meeting 
as possible. A single copy of the manuscript will not 
sufl9ce, and both copies are to be sent to the same ad¬ 
dress. 

The manuscripts sent to the Press Service are not 
for publication as such. They are solely for the use 
of the press representatives in the preparation of 
news items or features. They are regarded as confi¬ 
dential, and except for the properly accredited press 
representatives no one is allowed access to them. 

So far as possible the Press Service endeavors to 
supply the press with such additional information as 
will be advantageous in the proper presentation of a 
news item, and it also aids the press in securing inter¬ 
views with authors when such interviews are re¬ 
quested. 

The press is by far the most important medium for 
the diffusion of scientific knowledge among the people 
as a whole. It has become the outstanding factor in 
the education of those beyond school age and is an in¬ 
creasingly important factor in broadening the knowl¬ 
edge and interests of those still in school. 

The press is conscientiously doing its best to make 
as accurate and as timely as possible the information 
that it presents. It is becoming increasingly impor¬ 
tant that we who are occupied with scientific work 
should do all we can to help it. 

MEMBERSHIP 

The unusual privileges accorded members at the 
Chicago meeting make it desirable for all to register 
early to receive the full program and the badge which 


will^admit to the various special functions. B^istra- 
tion on this occasion will be handled at the Stevens 
Hotel and at branch registration offices in Eekhardt 
Hall, University of Chicago, and in Thome Hall, 
Kinloch Campus, Northwestern University. 

Since it was felt that many in the Middle West 
would desire to participate in this meeting and enjoy 
especially the privileges of contact with the distin¬ 
guished foreign guests, a special invitation has been 
extended to those living within 300 miles of Chicago 
to join the association at this time without payment 
of the usual imtiation fee. Persons desiring to take 
advantage of this offer should address the Washing¬ 
ton office in advance or make application at any regis¬ 
tration desk during the meeting. 

Invited Guests 

Scientific men or women coming from outside the 
United States and Canada who are not members of 
the association may be welcomed as guests lor the 
meeting. Information concerning such persons 
should be sent to the permanent secretary's office in 
Washington or later to him at the Stevens Hotel, Chi¬ 
cago. Full data are desired that the cases may be 
properly presented to the executive committee and 
official invitations duly authorized and issued. 

BUSINESS SESSIONS 

The council is charged with the duty of handling 
the business of the association and has provided that 
all matters offered for its consideration be referred 
fii'st to the executive committee for study and femu¬ 
lation. Any items may be sent to the Washington 
office up to June 10. After that date they should be 
sent to the Chicago headquarters, Hotel Stevens, in 
care of the pemanent secretary. The executive com¬ 
mittee will meet in the Stevens Hotel on Monday, 
June 19, at 10 a. m., to review items previously pre¬ 
sented and to prepare the agenda for the oounciL The 
first council meeting will be held on Monday after¬ 
noon at 2 p. M. Subsequent meetings of the council 
will be held at 9 a. m. on Tuesday and Wednesday, 
and thereafter if necessary. The executive committee 
will also meet daily to care for business matters that 
may denuind attention. In view of the difficulties nec¬ 
essarily associated with careful consideration of im¬ 
portant questions it is desirable that all proposals be 
left with the pemanent secretary as early as feasible. 

HOTEL HEADQUARTERS AND 
TRANSPORTATION 

Data regarding hotel headquarters were printed in 
SoiBwroB for May 12. Reduced railway rates by the 
^'certificate plan certificate'’ have been granted by 
almost all railroads in the United States and Canada. 
Persons attending the meeting should purehase a first* 
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dasa one-way ticket to Gbica^r Beonring a '^certificate 
plan certificate'' reading "for the American Associa¬ 
tion for the Advancement of Science and Associated 
Societies*" The certificate must be left at the valida¬ 
tion desk in the registration offices to be called for 
later at the same place. Each person presenting an 
endorsed and validated certificate may purchase a 
continuous passage^ one way return ticket for one 
third of the regular fare by the same route as that 
traveled to Chicago, Certificates must be validated 
before July 4. Tickets to Chicago must be purchased 
between June 15 and Jxme 28 (both dates inclusive). 
Return tickets must be purchased by July 4; having 
purchased the return ticket its holder can remain in 
Chicago at will, provided he reaches the original 
starting point within thirty days. 

Special fares of varied character have already been 
announced by certain lines and probably more such 
will be offered before the date of our meetings. In¬ 
formation about these rates and the precise conditions 
of issue and use may best be secured from your local 
agent. Early application is advisable. It is likely 
that special ten-day rates will be preferable, except 
for persons desiring to make a longer stay in Chi¬ 
cago. 

SCIENTIFIC SESSIONS OF SECTIONS AND 
SOCIETIES 

Sectiona are arranged in the order of the alpha¬ 
betic designations used in the association's records. 
Affiliated societies are given the letter of the section 
under which each is listed, together with a distinguish¬ 
ing number. The president and secretary of each so¬ 
ciety are named, and they represent the organization 
on the council of the association, unless other repre¬ 
sentatives have been elected and are present to serve 
at Chicago. It is hoped that the societies may all be 
well represented at council meetings in order to facili¬ 
tate prompt and proper transaction of business. 

The programs as outlined are not complete, but they 
are in the main correct and adequate to give a true 
conception of the final program. 

A—Mathematioa 

A-1. Section A of the Association. June 21-28. 

Vice-president, Charles N. Moore; Secretary, E. 
B. Hedrick. 

A-2. American Mathematical Society. June 19-23. 

President, L. P. Eisenhart; Secretary, B. G. D. 
Richardson. 

A-8. Mathematical Association of America. June 20- 
23. 

President, E. T. Bell; Secretary, W. D. Cairns. 

The program of the American Mathematical Society 
tnU open on Monday, the morning being devoted to 
fegistration and the afternoon to a session of con¬ 


tributed papers. On Tuesday morning there will be 
another session of contributed papers. On Tuesday 
afternoon the Mathematical Association of America 
is planning a program at which the following papers 
will be presented: "The Postulation Method in Mathe¬ 
matics," by Professor E. V. Huntington, of Haward 
University; "The Lag of Mathematics behind Litera¬ 
ture and Art in the Early Centuries," by Professor 
H. E. Slaught, of the University of Chicago; “Appli¬ 
cations of Mathematics to Real Estate Problems," by 
Dr. Henry Babcock, of Evanston. On Wednesday 
morning Section A and the American Mathematical 
Society will hold a joint symposium, at which Pro¬ 
fessor Lipot Fejer, of the University of Budapest, 
will speak on "The Infinite Sequences Arising in the 
Theories of Harmonic Analysis, of Interpolation and 
of Mechanical Quadratures," and Professor C. N. 
Moore, of the University of Cincinnati, will give a 
paper entitled "On the Use of Cesaro Means in Deter¬ 
mining Criteria for Fourier's Constants.” One other 
speaker has been invited to participate in this meet¬ 
ing. Wednesday afternoon will be devoted to a joint 
session of Section A and the society, at which invited 
addresses on geometry will be given. Professor Levi- 
Civita, of the University of Rome, will speniJk on 
"Nets on a Surface and Extension of Trigonometry,” 
and Professor W. C. Graustein, of Harvard Univer¬ 
sity, will give a paper entitled “Invariant Methods in 
Differential Geometry,” Two other speakers have 
been inviied to participate. On Thursday morning 
the American Mathematical Society will hold a meet¬ 
ing devoted to short contributed papers. For Thurs¬ 
day afternoon the Mathematical Association of Amer¬ 
ica is planning a program in which the following men 
will present papers: Dr. T. C, Fry, of the Bell Tele¬ 
phone Laboratories, on "Fundamental Concepts in 
the Theory of Probability”; Professor George D. 
Birkhoff, of Harvard University, on "Mathematics 
and Art”; Dr. D. H. Lehmer, of the California Insti¬ 
tute of Technology, on "A Number Theory Machine." 
On Friday morning there will be a joint session of 
Section A and the American Mathematical Society, at 
which Professor Levi-Civita will give a lecture on 
"Some Mathematical Aspects of the New Mechanics" 
and Professor G. D. Biiichoff on "Quantum Mechanics 
and Asymptotic Series." This meeting will be of spe¬ 
cial interest to the members of the American Physical 
Society, although they are not meeting jointly with 
Section A. For Friday afternoon the American 
Mathematical Society has arranged for a lecture by 
Professor L. E. Dickson, of the University of Chi¬ 
cago^ on "Recent Progress in Additive Number 
Theory,” which will be followed by short papers on 
number theory, A dinner for the mathematicians is 
planned for Friday evening. 
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B —Physios 

B-1. Section B of the Association. June 19-24. 

Vice‘President f C. J. Davisson; Secretary, H. A. 
Barton. 

B-2. American Physical Society. June 19-24. 

President, Paul D. Poote; Secretary, W. L. 

^ Hovoringhaus. 

B-3. American Meteorological Society. June 19-20. 
l^resident, Herbert H. Kimball; Secretary, 
Charles F. Brooks. 

On Monday morning, June 19, Section B and the 
American Physical Society will have a program of 
short contributed papers. The American Meteorolog¬ 
ical Society will hold a meeting devoted to papers on 
“A Century of Progress in American Meteorology,'* 
at which the following papers will be presented: 
**Pioneers in American Meteorology and the Found¬ 
ing of Weather Services,” by Mr. Eric R. Miller, of 
the U. S. Weather Bureau at Madison; ^‘Thc Early 
History of Aerology in the United States,” by Mr. 
S. P. Fergusson, of Harvard University; ^^Ilistory of 
the Application of Meteorology to Aeronautics with 
Special Reference to the United States,” by Mr. W. R. 
Gregg, of the U- S. Weather Bureau at Washington; 

the Dynamics of Penetrative Convection,” by Dr. 
J. Bjerknes, of the Geophysical Institute, Bergen, 
Norway; ^‘Periodicities in Rainfall,” by Professor 
Dinsmore Alter, of the University of Kansas. On 
Monday afternoon the American Meteorological So¬ 
ciety will hold a symposium on ^‘Radiation and Gen¬ 
eral Circulation of the Atmosphere,” Dr. H. H. Kim¬ 
ball, of Harvard University, will present a paper on 
**Solar Radiations as a Meteorological Factor”; Dr. 
W. J. Humphreys, of the U. S. Weather Bureau at 
Washington, a paper on ‘'Incoming and Outgoing 
Radiation as Affected by tlie Atmosphere”; Dr. J. 
Bjerknes, on “A Theory of the General Circulation 
of the Atmosphere.” Mr. John Patterson, of the 
Meteorological Office in Toronto, will also present a 
paper. On Tuesday morning Section B and the 
American Physical Society, with Section C as their 
guests, will hold a symposium on “Application of 
Quantum Mechanics in Chemistry,” with the foDowing 
speakers; Professor J. C. Slater, of the Massachu¬ 
setts Institute of Technology, on “Electron Energies 
in Atoms and Molecules”; Professor Linus Pauling, of 
the California Institute of Technology, on “Quantum 
Mechanics of Condensed Ring Systems, Free Radicals 
and Other Complex Molecules”; Dr. Henry Eyring, 
of Princeton University, on “Quantum Mechanics and 
Chemical Reactions”; Professor R. S. Mulliken, of the 
University of Chicago, on “Band Spectra and Molecu¬ 
lar Structure.” The American Meteorological Society 
will hold a symposium on “Dynamics of Extratropieal 
Cyclones.” Dr. J. Bjerknes will present a paper on 


^^extioal Cross Sections through ExtratropiesI Cy^ 
clones”; Mr. Andrew Thomson, of the Meteoralogieol 
Office in Toronto, will present a paper on “The Cy¬ 
clone of November 18-19, 1931”; Dr. W. J. Hum¬ 
phreys, on “Origins of Extratropical Cyclones”; Mr. 
K. 0. Lange, of the Massachusetts Institute of 
Technology, on “Atmospheric Soundings for Glider 
Meets”; Mr. Phil E, Church, of Mooseheart, Illinois, 
on “Dynamic Climatology from the Massaobusetts In¬ 
stitute of Technology Weather Maps”; Professor T. 
A. Blair, of the U. S. Weather Bureau at Lincoln, 
Nebraska, on “Interrelations of Seasonal Weather, 
Pacific Ocean and North America”; an additional 
paper by Professor C. G, Roasby, of the Massachu¬ 
setts Institute of Technology. On Tuesday afternoon 
the American Meteorological Society will hold a meet¬ 
ing devoted to miscellaneous papers. The following 
men will present papers; Dr. H. H* Kimball, of Har¬ 
vard University, and Mr. I. F. Hand, of the U. 8. 
Weather Bureau at Washington, on “The Use of 
Glass Color Screens in the Study of Atmospheric 
Depletion of Solar Radiation”; Mr. Bernard Haur- 
witz, of the University of Leipzig, and Mr, Harry 
Wexler, of the Massachusetts Institute of Technology, 
“Turbidity of American Air Masses according to 
Linkers and Angstrom's Measures of Turbidity^'; 
Mr, S. P. Fergusson, of Harvard University, on 
“Anemometer Experiments.” Section B and affiliated 
societies will hear an address by Dr. J. Bjerknes on 
“Atmospheric Soundings, Methods and Results.” On 
Wednesday morning Section £ and the American 
Physical Society will meet with Section C in a sym¬ 
posium on “Isotopes” (see announcement of Section 
C). On Wednesday afternoon Section B and the 
American Physical Society will participate in a joint 
symposium with Sections C, D and E on “Measure- 
meats of Geologic Time” (see announcement of Sec¬ 
tion E). Following the symposium, Professor Enrico 
Fermi, of the University of Rome, will give an ad¬ 
dress on “Theory of Hyperfine Structures.” In the 
eveninj^ the American Physical Society will hold a 
dinner, which will be followed by a general session. 
On Thursday morning Section B and the American 
Physical Society with Section D will hold a joint 
symposium on “Spectroscopy and Astronomy” (see 
annonneement of Section D). 'On Thursday afternoon 
Section B and the Amerieon Physical Society will 
meet for a lecture by Professor N. Bohr on “Space 
and Time in Contemporary Physics,” On Friday 
morning Section B and the American Physical So¬ 
ciety will hold a sympoaium on “Nuclear Di^tegra- 
tion.” Professor E. 0. Lawrence, of the University 
of California, will speak on “Recent Work on NiiideAr 
Disintegration at the University of California”^ 
Codooft, of the Umversity of Casohni^lfei B^glan^ 




on tbe ^^Disintegrtttion of Ijght Elemeata by High 
Velocity Protons*'; Dr. M. A. Tuve, of the Depart¬ 
ment of Terregtrial Magnetism at Washington, on 
^disintegration Experiments on Elements of Medium 
Atomic Number”; Professor W. D. Harkins, of the 
University of Chicago, on “Disintegration of Nuclei 
by Neutrons.” The members of Section B will be in> 
terested in the program which Section A has arranged 
for Friday morning. In the afternoon Professor A. 
Sommerfeld, of the University of Munich, will give an 
address on “Theory of Metallic Conduction.” On 
Saturday morning Section B is meeting with the 
American Section of the International Union of Pure 
and Applied Physics. 

C—Chemistry 

C-1. Section C of the ABBOciation. June 19-23. 

Vice-president, Arthur B. Lamb; Heoreia/ry, J. 

H. Simona. 

0-2. American Chemical Soeioty. June 23. 

On Monday morning Section C will hold a joint 
symposium with Section N on “Colloid Chemistry Re¬ 
lated to Biological Problems.” Professor Theodor 
Svedberg, of Upsala University, Sweden, will present 
a paper on “Sedimentation Constants and Molecular 
Weights of the Respiratory Proteins.” Professor 
Filippo Bottazzi, of Naples, Italy, will present a 
paper on “Physico-Chemical Properties of Concen¬ 
trated Blood Serum.” Additional papers will be 
presented by the following: Professor Edwin J. 
Cohn, of the Harvard Medical School, on “Electro¬ 
static Forces in Systems Containing Biological Com¬ 
ponents”; Professor J. W. McBain, of Stanford Uni¬ 
versity, on “Some Experimental Methods Applicable 
to Biological Problems”; Professor W. J. V. Oster- 
hout, of the Rockefeller Institute for Medical Re¬ 
search, on “Cell Physiology in Relation to Colloidal 
Structure.” On Tuesday morning, Section C will 
meet in a joint session with Section B and the 
American Physical Society at a symposium on “Ap¬ 
plication of Quantum Mechanics in Chemistry” (see 
announcement of Section B). On Thursday, Section 
C and the Chicago Chemists Club will have a luncheon 
at the International House, which will be followed by 
hnei informal and non-teohmeol talks. On Wednes¬ 
day momir^, Section C will hold a joint symposium 
with Section B and the American Physical Society 
on “Isotopes”;'Dr. P. W. Aston, of Cambridge, En¬ 
gland, will present a paper on “Some Measurements 
of Edative Abundance of Isotopes”; papers will also 
be presented by Dr. El. T. Bainbridge, Bartol Re- 
Bfiardi Foundation of the Franklin Institute, on the 
“Masses of Isotopes and the Disintegration of 
Dr. EL W. Washburn, of the U. S. Bureau 
on ^^topic Fraotionation of Water”; 


Professor Fred Allison, of the Alabama Polytechnic 
Institute, on the “Magneto-Optic Method in the Study 
of Isotopes”; Professor W. D. Harkins, of the Uni¬ 
versity of Chicago, on “Neutrons and Isotopes” and 
Professor H. C. Urey, of Columbia University, on 
“Diffusion Method of Separation of Isotopes.” Om 
Wednesday afternoon Section C will meet with Sec¬ 
tions B, D and E in a symposium on “The Measure¬ 
ment of Geologic Time” (see announcement of Section 
E). The American Physical Society is holding a 
dinner on Wednesday evening, which will be of in¬ 
terest to members of Section C. On Thursday morn¬ 
ing Section C will hold a session devoted to con¬ 
tributed papers. On Friday morning Section B is 
holding a symposium on “Nuclear Disintegration,” 
which will interest members of Section C. In the 
evening Section C and the Chicago Section of the 
American Chemical Society are holding a dinner at 
the Midland Club. Professor Theo. Svedberg, of 
Upsala University, Sweden, will give the principal 
address on “Sedimentation of Molecules in Cen¬ 
trifugal Fields.” 

Z >—Astronomy 

D-1. Section D of the Aasociation. June 21-24. 

Vice-president, V. M. Slipher; Secretary, H. T. 

Stetson. 

I)-2, American Astronomical Society. 

President, W. S. Adams; Secretary, R. 8. Dugan. 

i 

On Wednesday afternoon, June 21, Section D and 
the American Astronomical Society will meet with 
Sections B, C and E in a symposium on the “Mea¬ 
surement of Geologic Time” (see announcement of 
Section E). On Thursday morning Section D and 
the American Astronomical Society will participate in 
a joint symposium with Section B and the American 
Physical Society on “Spectroscopy and Astronomy.” 
Professor A. Sommerfeld, of the University of Munich, 
will speak on the “Present Status of Spectroscopic The¬ 
ory”; Professor W. S. Adams, of the Mt. Wilson Ob¬ 
servatory, on “Spectroscopy as a Tool in Astronotny”; 
Dr. I, S. Bowen, of the California Institute of Tech¬ 
nology, on “Spectra of Highly Rarefied Gases”; Pro¬ 
fessor Otto Struve, of Yerkes Observatory, on “Mat¬ 
ter in Interstellar Space.” Oil^ Thursday afternoon 
Section D and the American Astronomical Society 
will attend the lecture by Professor N. Bohr, of the 
University of Copenhagen, on “Space and Time in 
Contemporary Phyrics.” On Friday and Saturday 
mornings Sections D and the American Astronomieiil 
SooietY will hold sessions at the Adler Planetarium, 
devoted to miscellaneous papers contributed by mem¬ 
bers. On Saturday afternoon an excursion will be 
made to the Yeikes Observatoxy. 
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E—Otology and Geography 

E-1. Bection E of tho ABSOciatlon. June 20-22. 

Vice-president f B. T. Chamberlin; Secretary, 
Kirtley F. Mathor. 

E-2, Geological Society of America. June 20-22. 

President, Eeginald A. Daly; Secretary, Charles 
P. Berkcy. 

On Tuesday morning Section E and affiliated socie¬ 
ties have arranged a session* at which Professor J. J. 
Sedorholm* of Helsingfors, Finland, will speak on 
“Ultrametamorphism and Anatexis.” Dr. E. J. Till- 
yard, of Australia, will present a paper on “A New 
Glass of Arthropods from the Precambrian of the 
Adelaide Series, South Australia.” Dr. Arthur 
Bevan, of the University of Virginia, will speak on 
“Eeeent Studies of the Paleozoic Fomiations in Vir¬ 
ginia.” On Tuesday afternoon Professor J. J. Seder- 
holm will give an address on “Progress and Scope of 
Precambrian Research.” In the evening an informal 
dinner will be held for geologists and geographers. 
It is hoped that Sir Douglas Mawson, of England, 
will be present and that he will speak after the din¬ 
ner. On Wednesday afternoon Section E will hold 
a joint symposium with Sections B, C and D on “The 
Measurement of G-eologic Time,” at which the follow¬ 
ing papers will be presented: “General Survey of the 
Problem,” by Dr. Alfred C. Lane, of Tufts College; 
“Working Formulae for the Age of a Radioactive 
Mineral,” by Professor A. F. Kovarik, of Yale; “The 
Significance of the Isotopes of Uranium and Lead,” 
by Dr. C. S. Piggot, of the Geophysical Laboratory; 
“The Actinium Series of Radioactive Elements and 
the Measurement of Geologic Time,” by A. V. Grosse, 
of the University of Chicago; “The Helium Method, 
a New Outlook,” by W. D. Urry, of the Massachu¬ 
setts Institute of Technology; “Thorianite from East¬ 
ern Pennsylvania,” by Dr. R. C. Wells, of the U. S. 
Geological Survey; “Post-glacial Time Calculations 
from Recent Geothermal Gradient Measurements in 
the Calumet Copper Mines,” by President W. 0. 
Hotchkiss, of the Michigan College of Mining and 
Techiiology, and Professor L, R. Ingersoll, of the 
University of Wisconsin; “The Radium Content of 
the Travertine Deposits of Mammoth Hot Springs, 
Yellowstone Park, as an Index of Their Age,” by 
Dr. Herman Schlundt, of the University of Missouri. 

On Thursday morning Section E will hold a joint 
session with the Geographical Society of Chicago, at 
which tho following men will speak; Professor Charles 
C. Colby, of the University of Chicago, on “Distribu¬ 
tion of World's Major Cities”; Professor Stanley D, 
Dodge, of the University of Michigan, on “A Plan 
for the Study of the Regional Geography of the 
Upper Connecticut Valley”; Professor V. C. Finch, 
of the University of Wisconsin, on “A Departmental 


Program for Geographical Research: Plan and Prog¬ 
ress”; Professor Wellington D. Jones, of the Univer¬ 
sity of Chicago, on “A Reconnaissance Map of Metro¬ 
politan Chicago.” On Thursday afternoon there will 
bo another joint session. Professor K. C. McMurry, 
of the University of Michigan, will speak on “A Geo¬ 
graphical Reconnaissance of tho Lowej Eio Grande 
Valley of Texas”; Dr. Richard Hartahome, of the 
University of Minnesota, on “Geographic and Politi¬ 
cal Boundaries in an Area of International Tension; 
Upper Silesia”; Professor Henry M. Leppard, of the 
University of Chicago, on “Tyneside”; Professor 
Glenn T. Trewartha, of the University of Wisconsin, 
on “Results of Field Reconnaissance in Japan”; 
Professor R. S. Platt, of the University of Chicago, 
on “An Air Traverse of Central America.” 

F—Zoological Sciences 

F-1. Section F of the Asaocuition. June 20-23, 

Vice-president, A. S. Poarse; Secretary, George 
R. La Rue, 

F-2. American Society of Zoologists. June 20-23, 

President, W. 0. Curtis; Secretary, . H. Cole. 

F-3. Entomological Society of America. June 22-23. 

President, J. J. Davis; Sccrctart/, H. B. Hunger- 
ford. 

F-4. American Association of Economic EntomolO’ 
gifite. June 22-23. 

President, W. P. Flint; Secretary, A, I. Bourne. 

On Tuesday morning, June 20, Section F has ar¬ 
ranged a symposium on “Physical and Chemical 
Changes in Nerve during Activity”; in this Section N 
will join. Professor G. H. Parker, of Harvard Uni¬ 
versity, will preside. Professor A. V. Hill, of Lon¬ 
don, will give an address on “The Heat Production of 
Nerve”; Professor W. 0. Fenn, of the School of Med¬ 
icine and Dentistry of Rochester, will speak on 
“Nerve Respiration”; Professor R, W, Gerard, of the 
University of Chicago, on “Chemical Activity of 
Nerve”; Dr. H. 8. Gasser, of Cornell University, on 
“Electrical Phenomena in Nerve.” On Tuesday after¬ 
noon, Dr. Joseph Barcroft, of Cambridge, England, 
will address the section on “Foetal Respiration.” On 
Wednesday afternoon Section P will meet with the 
American Society of Naturalists and Section 0 in a. 
symposium on “Heredity” (see announcement of 
American Society of Naturalists). On Thursday 
morning Section F, the Entomological Society of 
America and the American Association of Economie 
Entomologists will meet to hear a lecture by Dr. R. J. 
Tillyard, of Australia, on “The Evolution of tho In¬ 
sect.” The lecture will be followed by a luncheon for 
members of both societies of entomologists. Os' 
Thursday afternoon Section F will meet with the Boo- 
logioal Society of America in a symposium on “life 
in Deep Water” (see announcement of the Boologieid 
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Society of America). On Friday evenizig the two 
entomolo^cal aooietiea will hold a dinner for mem- 
bere at the Chicago Women’s Club. It is hoped that 
Dr. Eoyal N. Chapman, of the University of Hawaii, 
will give an address on some phase of insect life in 
Honolulu, 

0—Botany 

0-1. Section O of the Association. June 20-22. 

Vice-president, Karl M. Wiegand; Secretary, 
Bam F. Trelease. 

G-2. Botanical Society of America. June 20-22. 

Breaxdent, George J. Peirce; Secretary, Loren 
C. Potry. 

0-3. American Phytopathological Society. June 20- 

22 . 

President, F. D. Hoald; Secretary, F. C. Meier. 

G-4. American Society of Plant Physiologists. 

President, W, K, Tottingham; Secretary, W. A. 
Gardner. 

On Tuesday morning, June 20, Sections G and 0, 
the Botanical Society of America, the Ecological So¬ 
ciety of America, the American Society of Plant 
Physiologists and the American Society of Agronomy 
will hold a joint session. Professor Ludwig Diels, of 
the University of Berlin, will give an address on 
^‘Taxonomy of the Angiosperms”; Sir Daniel Hall, of 
England, on “Does the Introduction of Wild Plants 
to Cultivation Induce Variation f” and Professor C. E. 
Allen, of the University of Wisconsin, on “Polyploidy 
in the Hepaticae.” On Tuesday afternoon the same 
societies will visit the laboratory and greenhouses of 
the University of Chicago. For Wednesday is 
planned an all-day field trip to Warren Forest and 
Dune Reservation, Michigan. In the morning Sec¬ 
tions G and 0, the American Society of Agronomy, 
the American Society of Plant Physiologists and the 
American Phytopathological Society will hold a meet¬ 
ing devoted to progress in plant pathology during the 
century. Dr. Jean Dufr^noy, of Brice, France, will 
present a paper on “Local Immunity in the Plant 
Cell”} Dr. Neil Stevens, of the U. B. Department of 
Agriculture, on “The Dark Ages in Plant Pathology, 
1832-1872”; Dr. J, C. Arthur, of Purdue University, 
will speak on “My Memories of Plant Pathologists, 
1872-1933,” In the afternoon the same societies, un¬ 
der the leadership of Dr. G, B, Ramsey, of the U. S. 
Department of Agriculture, will take a trip to South 
Water Markets to study markets pathology problems. 
For Thursday tiie Botanical Society of America has 
planned an all-day field trip to Wychwood, Lake 
Geneva, Wisconsin, which will be of interest to ecolo¬ 
gists. In the morning Sections G and 0, the Amer¬ 
ican Phytopathological Society and the American So- 
eieiy of Agronomy will hold a joint session, with Dr. 
J, C. Arthur presiding. Dr. Otto Appel, of Berlin, 
will speak. Dr* H* BL Whetael, of Cornell University, 


will present a paper on “A Century of Research in 
Plant Pathology,” and Dr. I. E. Melhus, of the Iowa 
State College, on “A Century of Plant Disease Con¬ 
trol.” The American Society of Plant Physiologists 
will hold a symposium on “Radiation and Plant 
Growth.” In the afternoon Sections G and 0, the 
American Society of Agronomy and the American. 
Phytopathological Society will accompany Dr. H. W. 
Anderson, of the University of Illinois, to the Cook 
County Experimental Farm to study truck crop dis¬ 
eases. 

F and G—Zoology and Botany 

FG-1 American Society of Naturalists. June 20, 

president, B. A. Gortner; Secretary, E. W. 
Lindstrom. 

FG—2. Ecological Society of America. June 20-23. 

President, George E. Nichols; Secretary, Ray¬ 
mond Kienholz. 

FG-3, American Microscopical Society. June 23. 

Presidefit, M. J. Elrod; Secretary, James E. 
Ackert. 

PQ—4. Phi Sigma Biological Research Society. Juno 
19-21. 

Chancellor, Paul B. Sears; Secretary, A. I. 
Ortenburger. 

On Monday, Tuesday and Wednesday mornings the 
Phi Sigma Biological Research Society will hold busi¬ 
ness meetings. Sessions for presentation of contrib¬ 
uted papers ^ ill be held on Monday and Tuesday 
afternoons. The annual banquet will bo given on 
Monday evening. On Tuesday morning, June 20, the 
Plcological Society will meet jointly with Sections G 
and O, the Botanical Society of America and the 
American Society of Agronomy (see announcement of 
Section G). In the afternoon the same societies will 
make a trip to the greenhouses of the University of 
Chicago. In the evening there will be an informal 
dinner for botanists and ecologists at Ida Noyes Hall, 
at which Professor Ludwig Diels, of Berlin, will speak 
on “Plant Geography with Reference to the Pacific 
Flora.” The Ecological Society of America and the 
Botanical Society of America have arranged an all¬ 
day field trip for Wednesday to Michigan dunes and 
Beach Maple Forest, which will be primarily plant 
ecology, but also animal ccolojfy. On Wednesday 
afternoon the American Society of Naturalists, with 
Sections F and 0 and the American Society of 
Agronomy participating, has arranged a symposium 
on “Heredity.” Professor F. R. Lillie, of the Uni¬ 
versity of Chicago, will preside. Professor Richard 
Goldschmidt, director of the Institute of Experimental 
Biology 6f Berlin, ivill talk on “The Influence of the 
Cytoplasm on Gene-Controlled Heredity.” Professor 
Sewall Wright, of the University of Chicago, will 
speak on “Physiological and Evolutionary Theories of 
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Dominance.’’ The Botanical Society of America has 
arranged an all-day field trip to Wychwood, Lake 
Geneva, Wisconsin, which will be of interest to ecolo¬ 
gists. On Thursday afternoon the Ecological Society, 
with Section F participating, has arranged a sym¬ 
posium on *‘Life in Deep Water.” Professor August 
Krogh, of the University of Copenhagen, Denmark, 
will speak on “Energetics in Great Depths of the 
Ocean,” which will be followed by papers by Pro¬ 
fessor C. Juday, of the Univex*sity of Wisconsin, on 
“The Centrifuge Plankton Content of the Water”; 
Dr. E. A. Birgc, of the University of Wisconsin, on 
“The Non-Centrifugable Organic Content of the 
Water’*; Professor A. S. Pearae, of Duke University, 
on “The Ecology of Deep Water Animals”; Dr. P. 
S. Galtsoff, on “The Biochemistry of the Inverte- 
brata of the Sea.” Dr. V. E. Sh cl ford, of the Uni¬ 
versity of Illinois, will lead the discussion. On Fri¬ 
day the Ecological Society of America will lake an 
all-day field trip to Indiana Dunes, primarily for ani¬ 
mal ecology. 

H—Anthropology 

H-l. Section H of the AsHOciation. June 22-24. 

Vice-president, T. W. Todd; Secretary, W. M, 
Krogman. 

H-2. American Anthropological Association. 

Tresideni, F. 0. Cole; Secretary, J. M. Cooper, 

On Thursday morning Section H and the Amer¬ 
ican Anthropological Association will hold a meeting 
devoted to the subject of ethnology. The following 
men will speak: Dr. B. Laufer, of the Field Museum 
of Natural History, on “The Domestication of Ani¬ 
mals”; Dr. M. J. Herskovits, of the Northwestern 
University, on “The American Negro: a Physical, 
Cultural and Historical Problem”; Dr. A. R. Rad- 
cliife-Brown, of the University of Chicago, on 
“Studies in Social Organization”; Professor R. Red- 
field, of the University of Chicago, on “The Maya 
Indian: a Study in Acculturation.” Thursday after¬ 
noon will be devoted to visiting anthropological ex¬ 
hibits of A Century of Progress. On Friday morn¬ 
ing will bo held a symposium on “Archeological Sur¬ 
veys.” Dr. A. T. Olmstead, of the University of 
Chicago, will speak on “Historical and Archeological 
Method in the Near East.” The following papers 
will be presented: “Archeological Surveys—^National 
Scope,” by Dr. Carl Guthe, of the University of 
Michigan; “Pictorial Survey of the Mississippi Val¬ 
ley,” by Mr, Thome Deuel, of the University of Chi¬ 
cago; “Archeological Survey of Southern Illinois,” by 
Professor Arthur Kelley, of the University of Illinois. 
At the Friday afternoon session Dr. E. A. Speiser, of 
the University of Pennsylvania, will speak on “The 
Ethnic Background of the Erirly' Civilization of the 


Near East”; Professor Leland W. Parr, of (he Geotge 
Washington University, on “Physiological Approaches 
to the Study of Anthropology with Special Reference 
to the Near East’*; Mr. Henry Field, of the Field 
Museum of Natural History, on “Ancient and Modem 
Inhabitants of Central Mesopotamia”; and Dr. W. M. - 
Krogman, of Western Reserve University, on “Cranial 
Types of Alisbar Hu3nik.” This meeting will be fol¬ 
lowed by a special inspection of the new Hall of the 
Races of Mankind and Hall of the Stone Ages of the 
Old World at the Field Museum of Natural History. 
On Friday evening the association wiU hold a gen¬ 
eral session on the subject of “Anthropology.” The 
Saturday morning session will be devoted to physical 
anthropology. Professor C. U. A. Kappers will 
speak on “Racial Differences in the Human Brain”; 
Dr. T. Wingate Todd, of Western Reserve Univer¬ 
sity, on “The Brain in Childhood”; Drs. W. H. P. 
Addison and Henry H. Donaldson, of the Wistar In¬ 
stitute of Biology, Philadelphia, on “The Area of the 
Sunken Cej*ebral Cortex as Determined from the 
Length and Depth of Selected Sulci, in Three Claases 
of Human Brains: Scholars, Hospital Whites, Hos¬ 
pital Negroes.” Professor C. J. Herrick, of tfa^ Uni¬ 
versity of Chicago, will lead a general discussion on 
“The Human Brain.” 

1—Psychology 

1-1. Section I of the Association. Juno 20-24. 

Vice-president, Walter B. Miles; Seoretcery, John 
E. Anderson. 

For Tuesday morning Section F has arranged a 
symposium on “Physical and Chemical Changes in 
Nerve during Activity,” which the psychologists will 
find of interest. On Tuesday afternoon Section I will 
hold a symposium on “Character,” in which will be 
presented a paper by Professor Emilio Mira, of Bar¬ 
celona. Professor Mandel Sherman, of the Univer¬ 
sity of Chicago, and several others will also partici¬ 
pate. On Wednesday morning there will be a sym¬ 
posium on “New Conceptions of Intelligence.” Pro¬ 
fessor Charles E. Spearman, of London, will speak 
on “New Conceptions and Test of Intelligence.” Fol¬ 
lowing the symposium, Professor Henri Pieron, 
the Sorbonne, will £^ve an address on “Sensorial Basie 
of Knowledge.” On Thursday morning a symposium 
has been arranged on “Reaction Time,” in which Pro¬ 
fessor Henri Pieron will speak. Professor Walter 
Miles, of Yale University, and several others will aho 
participate. At the close of the symposium Professor 
Emilio Mira will give an address on “New Concep¬ 
tions of Moral Behavior.” For Friday morning 
symposium is arranged on Gestalt, wldch wiB be 
cusaed by Professor Wolfgang Koehler, of 
Professor Raymond H. Wheeler, of the 
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Emsumb, and several others will participate. It is 
hoped tiiat a sympOBitnu on '^Clinical Peyohology^’ will 
be held on Saturday morning. On Saturday evening 
there will be a general session of the association, with 
an address by Professor Charles E. Spearman, on 
^^Becent Advances in Our Knowledge of Human Per¬ 
sonality." 

K—Social and Soonomic Sciences 

K-1. Section K of the Association. Juno 27-30. 

Vice-president, Wesley 0, Mitchell; Secretary^ 

James Ford. 

K-2. American Statistical Association. Juno 26-29. 

President, Irving Fisher; Secretary, W. I. King. 

K-3. American Sociological Society. June 26-29. 

President, L. L. Bernard; Secretary, L. Wirth. 

K-4. Econometric Society. 

President, Irving Fisher; Secretary, Charlefl F. 

Boob. 

On Tuesday evening, June 27, Section K has 
planned a program devoted to social insurance. Pro¬ 
fessor Wm. Oualid, of the University of Rome, and 
Professor G. A. Bagge, of the Social Science Institute 
of Sweden, will speak. On Wednesday morning, 
June 28, Section K and the Econometric Society are 
meeting in joint session with Section 0 on ^‘Elasticity 
of Demand for Agricultural Products" (see announce¬ 
ment of Section 0). A program of Section K on 
Wednesday evening will be centered around “Social 
Trends.” The speakers will be Professor W. F. Og- 
bum and Professor Chos. E. Merriam, of the Univer¬ 
sity of Chicago. On Wednesday or Thursday the 
Econometric Society will hold a meeting on “Recent 
Developments in Business Cycle Theory,” Section K 
has arranged the program for the general session of 
the association on Thursday evening, with Professor 
Heniy Clay as speaker. On Friday afternoon the 
Econometric Society will meet with the American So¬ 
ciety for Testing Materials for a program on “Theo¬ 
retical Economics in Engineering." Professor Irving 
Ksher, of Yale University, will preside. Dr. S. 
Elarrer, of the Consolidated Oaa, Electric Light and 
Power Company of Baltimore, will speak on “Eco¬ 
nomies in the Program of Industrial Research" with 
discussion by Dr, L. 0. Grondahl, of the Union Switch 
and Signal Company; Dr, C, F. Rods, secretary of 
the Econometric Sodety, will speak on “Contribu¬ 
tions of the MaGiematioian to Economics," with dis¬ 
cussion by Professor H. Schultz, of the University of 
Chicago. Professor H, Hotelling, of Columbia Uni¬ 
versity, will speak on “Contributions of the Theo¬ 
retical Statistioian to Economies," with discussion by 
, Dr. R. W. Burgess, of the Western Electric Company. 
Dean Kimball^ of Cornell University, will speak on 
' Engineering Economist of the Future." On Fri^ 
^0 same societies wQl meet for a program 


on “Some Fundamental Problems of Mutual Interest 
to Scientific Economists and Engmeers." Dean A. A, 
Potter, of Purdue University, president of the AmeiN- 
loan Society of Mechanical Engineers, will preside. 
Professor Jos. Schiunpeter, of Harvard University, 
will give a discussion “From the View-point of the 
Scientific Economist”; Dr. P. B, Jewett, vice-presi¬ 
dent of the American Telephone and Telegraph Com¬ 
pany, “From the View-point of the Engineer," and 
Dr. A. P. Fleming, of the Metropolitan Vickers Elec¬ 
trical Company, of Manchester, England, on “The 
Internationalization of Scientific Knowledge as a 
Factor in World Economic Recovery.” The Amer¬ 
ican Sociological Society and the Society for Social 
Research will hold round table discussions on the fol¬ 
lowing subjects: “The Family," L. Guy Brown, of 
Ohio Wesleyan University, chairman; “Crime; The 
Community,” R. D. McKenzie, chairman; “Prediction 
and Forecasting," S. A. Stouffer, of the University of 
Wisconsin, chairman: “Minimum Standards of Train¬ 
ing in Research Techniques," W. C. Reckless, of Van¬ 
derbilt University, chairman; “Graphic Presenta¬ 
tion," Howard W. Green, of the Cleveland Health 
Council, chairman; “Experimental Social Psychol- 
ogy'; “Collective Behavior in the Depressk'n," 
Harold D. Lasswell, of the University of Chicago, 
chairman; “Rural Sociology." Each round table will 
meet one or two forenoons of the days from June 26 
to 29. ; 

L—Historical and PhUologicaX Sciences 

Lr-1. Section L of the Association. June 26. 

Vioe-presideni, Waldo G. Leland; Secretary, 
Joseph Mayer. 

Ir-2, The History of Science Society. June 26. 

President, J. Playfair McMurrich; Secretary, 
F. E. Brasch. 

On Monday evening, June 26, Section L has ar¬ 
ranged a symposium on “Nationalism." Professor 
Charles A. Beard, president of the American Histor¬ 
ical Association, will present a paper on “Nationalism 
in American History." Professor Bernadotte Schmitt, 
of the University of Chicago, will also speak. It is 
hoped that one or more of the foreign guests will take 
part. 

M—Snginejfring 

(From N. H. Heck and C. F. Davis) 

The program of Section M is an integral part of a 
coordinated program of nearly a score of engineering 
societies meeting in Chicago during the week of June 
26. Sessions of the engineering societies will start on 
Monday morning, June 26, and continue through Fri¬ 
day, Wednesday, however, being set aside for certain 
joint functions. The outstanding features of the wedic 
include a number of addresses by distinguished engi- 
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neeTB and scientists. On Tuesday afternoon at half 
past three Dr. Herbert J. Gough, of England, will 
present the Edgar Marburg Lecture under the aus¬ 
pices of the American Society for Testing Materials. 
Dr. Goughsubject has been selected as Crystalline 
Structure in Relation to Failure of Metals, Especially 
by Fatigue.” On Tuesday evening, June 27, under 
the auspices of Section M, Dr. A. P. M. Fleming, of 
England, will discuss “The Industrial Development of 
the Century.” Outstanding engineers representing the 
various engineering societies will contribute to the 
discussion. 

The joint functions of Wednesday will include the 
award of the Guggenheim Medal to Juan de la Cierva, 
inventor of the autogiro. The ceremony will take 
place at Soldiers Field, where Mr. Cierva will arrive 
in an autogiro and be conducted to the platform where 
the medal will bo awarded. The rest of the day will 
be spent in a visit to the various engineering and scien¬ 
tific features of the exposition. In the evening tliere 
will be a joint dinner at the Stevens Hotel with an 
outstanding national figure as speaker. 

On Thursday there will be a joint engineering 
luncheon under the auspices of the American Society 
of Military Engineers in honor of General Lytle 
Brown, chief of the Corps of Engineers. On Thurs¬ 
day evening a boat trip on the lake will give an ex¬ 
cellent opportunity to enjoy the spectacular lighting 
effects of the exposition. 

On Friday afternoon and evening there will be ses¬ 
sions under the auspices of the Econometric Society, 
participated in by the American Society of Mechan¬ 
ical Engineers, the American Institute of Electrical 
Engineers and the American Society for Testing Ma¬ 
terials, which will be devoted to some fundamental 
problems of mutual interest to scientific economists 
and engineers. The speakers will bo Dr. A. P. M. 
Fleming, of England, Dr. F. B. Jewett, Dean Dexter 
S. Kimball and others. 

The Society for the Promotion of Engineering Edu¬ 
cation will celebrate its fortieth anniversary in the 
same general locale of its origin, in 1893, as the so¬ 
ciety was founded on the occasion of a previous fair. 
The program will be devoted largely to a r&um^ of 
the progress in engineering education during the life 
of the society. 

Other features of interest include a joint dinner of 
the boards of direction of the four major engineering 
societies and a dinner of the National Council of State 
Boards of Engineering Examiners. 

The engineering sessions are planned to cover the 
entire field of engineering. Approximately four hun¬ 
dred papers will he presented at some two hundred 
sessions during the week. 


K—Medical Soienoee 

N-1, Section N of the ABSOciation. June 19-22. 

Vice-presidentt C. B. Stockard; Secretary, Wal¬ 
ter M. Simpaon. 

On Monday morning, June 19, Section N will meet 
in a joint session with Section C (see announcement 
of Section C). On Tuesday morning Section N will 
hold a joint meeting with Section F (see announce¬ 
ment of Section F), On Tuesday evening at eight 
o’clock a general session of the association is to bo 
held under the auspices of Section N, commemorating 
‘'The Century of Progress in Medicine.” On Wednes¬ 
day morning, June 21, a symposiiun on ‘Tathologioal 
Physiology” will be held with the following speakers: 
Dr. Arthur L. Tatum, of the University of Wiscon¬ 
sin, on “Morphine Addiction and Morphine Toler¬ 
ance”; Dr. C. il. Best, of the University of Toronto, 
on “Fatty Changes in the Liver of Normal and 
Diabetic Animals”; Dr. Maurice B. Strauss, of the 
Thorndike Memorial Ijaboratory, on “The Etiology of 
Pernicious Anemia and the Related Macrocj^io Ane¬ 
mias”; Dr. William H. Park, of the Department of 
Health, New York City, on “BCQ Vaccination.” 
Madame Curie may also address this meeting. On 
Thursday morning, June 22, a surgical-ondocnnolog- 
ical symposium will be held. Dr. George Crile, of the 
Cleveland Clinic, will give an address on “A Century 
of Progress in Surgery—Anesthesia, Antisepsis and 
Asepsis, Shock, and Careful Handling of Tissues.” 
Dr. Max Ballin, of Detroit, will speak on “Clinical 
Recognition and Surgical Treatment of Parathyroid- 
ism”; Dr. Percival Bailey, of the University of Chi¬ 
cago, will discuss “Surgical Control of Hypophyseal 
Disorders”; Dr. John de J. Pemberton, of the Mayo 
Clinic, will speak on “Recent Developments in the 
Clinical Recognition and Surgical Management of 
Hyperfunction of the Thyroid Gland.” Dr. Evarts 
Graham, of the Washington University School of 
Medicine, will speak on “Clinical Recognition and 
Surgical Treatment of Hypoglycemia Produced by 
Tumors of the Islets of Langerbans,” with discussion 
by Professor Robert R. Bensley, of the University of 
Chicago. 

0—Agriculture 

0-1. Section O of the Association, June 20-26« 

Vice-president, A. E. Mann; Secretary, P. E, 
Brown. 

0-2. American Society of Agronomy. June 20-28. 
President, P. E. Brown; Secretary, F. B. Smith, 

On Tuesday morning Section 0 and the American 
Society of Agronomy wiU hold a joint session with 
Section G (see announcement of Section Q). In tbs 
afternoon Section 0 and the American Sodefy of 
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Agtonomjf with Section Q, will visit the greenhouses 
and laboratory of the University of Chicago. In the 
evening Section 0 and the American Society of 
Agronomy will attend the dinner for botanists and 
ecologists. On Wednesday and Thursday mornings 
Section 0 and the American Society of Agronomy 
will meet with Section G, the American Phytopatho- 
logical Society and the American Society of Plant 
Physiologists for programs on progress in plant pa¬ 
thology during the century (see announcement of 
Section G). On Wednesday afternoon Section 0 and 
the American Society of Agronomy will meet in joint 
session with Section F and the American Society of 
Naturalists in a symposium on Heredity (see an¬ 
nouncement of American Society of Naturalists). 
On Wednesday evening Section 0 will hold a dinner 
at which Sir Daniel Hall^ of England^ will speak on 
"Polyploidy and the Special Question in the Genus 
Tulipa,” and Professor Jean Dufr6noy, of Brice, 
France, on "Death—The Change of Living Substance 
within the Cell,” On Wednesday morning, June 28, 
Section 0 and the American Society of Agronomy 
will hold a joint session with Section K and the 
Econometric Society of America on "Elasticity of 
Demand for Agricultural Products,” which will be 
discussed by Sir Daniel Hall, of England. It is hoped 
that Professor G. F. Warren, of Cornell University, 
Mr. Mordecai Ezekiel and Mr. E. J. Working, of the 
U. S. Department of Agriculture, will abo speak. 

Q—Education 

Q-1. Section Q of the Association. June 29-30. 

Vice-president, Walter P, Dearborn; Secretary, 
William S. Gray. 

Q~2. National Society for the Study of Education. 
June 20-80. 

President, M. E. Haggerty; Secretary, Guy M. 
Whipple. 

Section Q will hold a joint meeting with the Na¬ 
tional Society for the Study of Education, the De¬ 
partment of Supervisors and Directors of Instruc¬ 
tion and the American Educational Research 


Association. On Thursday afternoon Section Q and 
affiliated societies will hold a session on "Recent Ad¬ 
vances in the Study of Components of Mental Abil¬ 
ity.” Professor Frank N. Freeman will preside. Dr. 
Charles Spearman, of the University of London, will 
report on recent experiments in factor analysis. Dr. 
Karl Holzinger, of the University of Chicago, will 
discuss the general theory of factor analysis and Pro¬ 
fessor Louis L. Thurstone will lead the discussion. A 
program for Friday morning is being organized 
around "The Function, Value and Future of Educa¬ 
tional Research.” Professor Walter S. Monroe, of 
the University of Illinois, will preside. This will be 
discussed with reference to research activities (a) in 
public school systems, by Dr. W. W. Theisen, as¬ 
sistant superintendent of schools, Milwaukee, Wiscon¬ 
sin; (b) in colleges and universities, by Dr. V. A. G. 
Henmon, of the University of Wisconsin; (c) in de¬ 
partments of education, by Professor Edgar Blake, of 
Ohio State University. "Dependability and Value 
of Survey Types of Investigation” will be discussed 
by Dr. Harl Douglass, of the University of Minne¬ 
sota. On Friday afternoon there will be a session on 
"Essentials of an Education,” Professor Ernest Horn, 
presiding. The discussion will be introduced by 
papers on 'Maturation and Its Relation to Instruc¬ 
tion.” Dr. Charles H. Judd, of the University of 
Chicago, will speak on "The Application of Matu¬ 
ration to School Organization and Teaching,” and 
Professor C. R. Griffith, of the University of Illinois, 
will speak on “The Psychology of Maturation,” The 
remainder of the program will consider the essentials 
of an education in contemporary life at (a) the ele¬ 
mentary school level, by Miss Bess Goodykoontz, of 
the U. S. Office of Education; (b) the secondaiy 
school level, by Dr. A. K. Loomis, of the University 
of Chicago, and (c) the college level, by Vice-presi¬ 
dent Clarence S. Yoakum, of the University of Mich¬ 
igan. A program is being organized for Friday eve¬ 
ning on "Education for a Democracy,” Dr. Walter 
F. Dearborn will preside. Miss Jane Addams, of 
Hull House, and President Robert M. Hutchins, of 
the University of Chicago, will speak. 


THE VALUE OF SCIENTIFIC RESEARCH 
TO AGRICULTURE* 

By Secretary HENRY A. WALLACE 

T7. S. DBPARTMENT OF AOKIOULTUBS 


In this seriea of radio broadcasts it is the custom, as 
t understand it, for each Cabinet officer to do a little 
boasting about hia own department. I am more than 

^ Address over a national radio network of the N.B.C. 
ote May 1. 


willing to do my share of that on behalf of the De¬ 
partment of Agriculture; but in my remarks to-night 
1 hope not only to discuss the past of this department, 
but also to consider its future. 

Neoesaarily, that involves the new farm bUl. By 
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to-night I had hoped to be able to talk in some detail 
about it, but since the bill has not yet become law, 
detailed discussion will have to wait. In lieu of that, 
let me discuss the view that the new bill is the logical 
next step in the work of the Department of Agricul¬ 
ture in particular, and of all government in general. 

In order properly to appraise the work of this far- 
flung department of the Federal Government, sup¬ 
pose we cut through a tedious underbrush of official 
and legal language, and set forth, in plain words, 
what the Department of Agriculture was established 
to do. 

If you have thought about mankind's struggle 
through the ages to build an orderly society, you will 
agree that there have been two primary problems: 
first, to produce enough food and fiber to feed and 
clothe us all; second, to divide what we produce as 
equitably as possible. 

We have always had to be concerned with produc¬ 
tion, Whatever else man can do without, he can not 
live without food. And that was no simple problem 
back in the days when men lived in tribes in the 
forests, and when the food supply depended upon a 
man’s skill with crude weapons. When the first faint 
stirrings of commerce and industry drew men to live 
in larger groups in cities, the problem of a food 
supply became even more acute. Those who lived in 
the ancient cities could not grow their own food and 
fiber. Those who remained on the farm had the new 
job of growing enough not only for themselves, but 
for other families in nearby cities. Thus the de¬ 
pendence of the city dweller upon the farmer is over¬ 
whelmingly real. It is the key-log in this structure 
we call modern civilization. 

And there were times when the structure was in 
danger of collapse, or indeed did collapse, because 
the key-log weakened and gave way. By reason of 
abnormal seasons, drought or flood, famines came and 
wrecked whole segments of human society. It was 
customary to blame those catastrophes on nature. 
Man, weak creature, was powerless if nature chose 
to starve him or drown him or otherwise maltreat 
him. 

Somewhere back in the ages, a few individuals, 
more daring, more imaginative than the rest, began 
to wonder whether that was true. They reasoned that 
though nature could not be ignored, it could be 
modified. Man began doing that when he learned 
how to make fire by rubbing sticks together. We have 
been modifying the behavior of nature ever since, to 
prevent famine, flood and other disasters, until, as 
Julian Huxley puts it, man has done more in five 
thousand years to alter the biological aspect of the 
planet than nature has done in five million years. 
By putting nature in harness, so far as possible, we 
have solved mankind’s first great problem—the prob- 
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lam of producing enough food to go round. We have 
solved it too well, as a matter of fact, but 1 shall 
speak of that later. 

When it is possible for the farmers of a nation to 
increase production 50 per cent., while crop acreage 
is increasing only 26 per cent., we know that science 
has been at work. That is exactly what has happened 
in the United States during the past 30 years. In 
large part it is a result of the scientiflo work of the 
United States Department of Agriculture and the co¬ 
operating state institutions. 

It was for the purpose of putting science to work 
in agriculture that this Federal Department of Agri¬ 
culture was established by act of Congress 71 years 
ago. Washington, Jeffierson and Franklin saw the 
need for it even back in their day. The department 
was created primarily for scientific research, its main 
job always has been a research job, and I hope re¬ 
search will always remain a principal duty. 

Of course it is not enough to discover facts: a pub¬ 
lic institution has also the obligation to see that the 
facts are made available to all who can profit by them. 

When a plant breeder in the department develops 
a variety of wheat that is highly resistant to rust, the 
job of the department has not ended with that dis¬ 
covery, The new variety has to bo tried out in various 
regions, in the field. Next, the results of those trials 
have to be made known to wheat growers. That in¬ 
volves publications, both technical and popular, and 
articles for the press, and radio broadcasting. Then 
the seed of the now variety has to be made available 
to farmers. The county extension agent may step into 
the picture at this point, and suggest that the inter¬ 
ested wheat grower sow some of the new seed in a test 
plot, alongside some of the seed he and hia neighbors 
have been using in the past And when the old and 
the new varieties of wheat are up and are harvested, 
let the neighbors for miles around come in to compare 
them, and decide whether or not the new variety is 
better than the old and worth investing in. 

That is a thumbnail sketch of the way science ie 
applied to agriculture in this country, and it portrays 
a system that is the envy of many another nation. 
Sir Horace Plunkett, Ireland’s great authority on 
agriculture, in 1028 was moved to describe the Depart¬ 
ment of Agriculture as “the most widely useful de¬ 
partment in the world.” I am inclined to agree, and 
1 only hope that its future will be as brilliantly sue- 
oessful as its past. 

Whether he knows it or not, every farmer in the 
United States is fanning differently to-doy-^-ond 
bettetr-^because of the acientifio disooveriee resulting 
from state and federal appropriarions. The average 
hour of man labor and the average acre of land is 
undoubtedly 20 to 30 per cent more pradno^Te lie- ^ 
day because of this eoientiflo vrork. the \ 



metittl point of view—that of supplying the food and 
fiber needed by our modern eiviHzation—^the zoillions 
of dollars spent by state and federal agencies during 
the past generation have been abundantly worth 
while. 

1 appreciate that it is often difiicult for the layman 
to see any earthly use in many of the things that 
scientists do and talk about doing. Of what value is 
it to you and to me, for instance, for a man to spend 
his time trying to discover the workings of nature f 
How can a man—we are inclined to say—do anything 
useful unless he works directly with the things that 
we all can touch and see, that we know have practical 
utility? 

Well, when confronted by questions like that, I 
think of men like Faraday and Mendel and some of 
the scientists in the employ of the Federal Gktvem- 
ment. About a hundred years ago in England 
Michael Faraday was what we might call an experi¬ 
mental philosopher. He never concerned himself 
with the invention of machines. His sole aim was to 
learn something about the workings of nature. He 
discovered the principle of electromagnetic induction, 
and if you remember your high-school science, you 
will recall that without that discovery, we would to¬ 
day have no means of putting electrical energy to 
work for us. Without Faraday, the amazing inven¬ 
tions of Edison and Marconi would not have been 
possible, and your radio and your electric lights would 
not exist 

And Mendel, that cloistered Moravian monk who 
whiled away the hours studying plants and experi¬ 
menting with the cross-breeding of varieties of garden 
peas—of what earthly use was all that? He did it 
beeause it interested him. But was it of any use to 
the rest of usf I can assure you that it was, for the 
principles he discovered have been employed by the 
plant breeders of to-day in developing more produc¬ 
tive varieties of every plant that feeds and clothes 
yon. Seientists like Mendel and Faraday were work¬ 
ing in what we call pure science. They were trying to 
discover nature’ll fundamental secrets, but without 
thought of any practical application of their dis¬ 
coveries. Had some oversealous administrator tried 
to reatriet their onriosity to some spe^c object, or 
the immediate solution of some highly practical prob- 
lem^ we would have been deprived, in all probability, 
of their great discoveries, 

It falls upon another group of scientists to apply 
these hasie principles to the pressing problems of the 
world and turn them to practical account Thus most 
of the soientifle research in government departments 
is applied soienoe. The surprising thing, however, is 
aim in the field of applied science far-reaching 
#woyisri!iW are made, often as a by-product of the 
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Qne of the most famous examples was the discovery 
by scientists in the Department of Agriculture some 
forty years ago, that a microorganism found in the 
blood of cattle is the cause of splenetic fever, and 
that the disease is transmitted by the cattle tick. 

During the years 1888 to 1893, four men spent moat 
of their time trying to make that discovery. Splenetic 
fever had become a costly disease of cattle throughout 
the South. Home-made remedies, treatment by skilled 
veterinarians, alike proved futile. The disease was 
costing the live-stock industry, and ultimately the con¬ 
sumer of meat, many millions of dollars. 

The four Department of Agricuture scientists, in 
the employ of the government because they wanted to 
pursue scientific research without interruption, and at 
salaries sadly out of line with their worth to the 
nation—these men kept doggedly on the job despite 
all sorts of obstacles and disappointments. The joy 
of achievement was their chief reward* And their 
achievement proved to be of lasting benefit not only 
to the live-stock industry, but to all mankind, for their 
research was the first demonstration that a microbial 
disease can be transmitted exclusively by an insect 
host or carrier. 

From that came the knowledge, at the hands of 
other scientists, that yellow fever, malaria, sleeping 
sickness and other maladies are similarly transmitted. 
From that flowed the successful control of yellow 
fever, for instance, which in turn made possible 
the building ff the Panama Canal. So it can truth¬ 
fully be said that the success of four Department of 
Agriculture scientists in discovering the cause of a 
cattle disease was a first step in the construction of 
the Panama Canal. 

These scientists—by name Theobald Smith, Curtice, 
Kilgore and Salmon—of course bad no idea of the 
far-reaching consequences of their discovery. They 
were intent on finding the cause of a cattle disease, 
not in discovering a fundamental principle in medi¬ 
cine* But that happens often in scientific research. 

And at other times, a scientist may fail to solve one 
problem, only to solve another unexpectedly. Not 
long ago some chemists in the Department of Agricul¬ 
ture were examining molds—fungous growths, that is 
—^to find one that would produce tartaric acid. 
Patiently they tested one after another, until they had 
exhausted the possibilities of ^149 different molds. 
Finally the 150th rewarded their long search with suc¬ 
cess—but not the success they were expecting. In¬ 
stead of producing tartaric acid, the 150th mold 
unexpectedly produced gluconic acid. This is now 
used in making calcium gluconate, the only calcium 
salt that can be injected between the muscles, without 
causing abscesses, in tireating certain human diseases. 
This salt used to cost $150 a pound. As a result of 
this research, it may now be had for 50 cents a pound* 
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Much of the scientific work of the department^ 
however, calls for more than the ordinary equipment 
of a scientist. 1 am thinking of the plant explorers, 
the men who cut their way through treacherous 
jungles, or press on across the forbidding deserts of 
Mongolia in search of plants that we need here at 
home. Whenever you eat bread made from durum 
wheat, or enjoy a choice steak or pork chops from 
cattle or hogs fed on alfalfa and soybeans, or sample 
a package of dates or a crate of navel oranges from 
California or the new Satsuma oranges from Florida 
—whenever you enjoy any of these things, you are 
reaping the benefit of the work done by a handful of 
explorers employed by the Department of Agriculture. 

If you live in the Gulf Coast region, you probably 
are familiar with the rise of a new industry down 
there, the growing of tung oil trees. About 26 years 
ago tung oil revolutionized the manufactujo of var¬ 
nish, but the oil had to be imported from China. 
Back in 1905 David Fairchild, plant explorer of the 
Department of Agriculture, brought the first seeds 
of the tung trees to the United States from the 
Yangtze Valley of China. Our plant industry men 
discovered, after a good deal of experimentation, that 
the trees do well in the Gulf Coast region, and the 
new industry is to-day firmly established there. 

Not every trip of a plant explorer, of course, is so 
productive. Every tnp has its dangers and its ad¬ 
ventures, but frequently the results are slight. Yet 
the introduction of a navel orange or a useful variety 
of soybeans or a hardy wheat atones for many un¬ 
successful trips. 

In one way or another, I have said, every farmer 
in the United States is farming differently to-day be¬ 
cause of the scientific discoveries resulting from state 
and federal appropriations. To be specific and as 
up-to-date as possible, suppose we run down the list 
of research achievements reported by one bureau of 
the Department of Agriculture for the post year. Be¬ 
fore me is a summarized report for the Bureau of 
Plant Industry, and among their accomplishments I 
find these items: 

Established the superiority of five new hybrid lines 
of com in Iowa teats; released, for the use of growers, 
two new lines of hybrid sweet com that will be re¬ 
sistant to bacterial wilt; released, for the use of grow¬ 
ers, a new wilt-resistant variety of tomato, known 
as the Pritchard; introduced a new blackberry variety, 
the Brainerd, especially adapted for the West and 
South, and also introduced three improved varieties 
of strawberry; developed new root-stocks for Satsuma 
oranges, and found new disease-resistant stocks for 
California grape vineyards; introduced a new sugar 
beet, U. S. No. 1, that is resistant to the costly curly^ 
top disease, and that also greatly outyields older 
varieties; tested some promising new sugar-cane seed¬ 


lings, crosses of American and New Ghiinea varieties; 
reported distinct progress in breeding alfalfa that 
will be immune to bacterial wilt; developed a new 
variety of Egyptian cotton in Arizona. 

As another part of its job, this bureau investigates 
the storing, handling and processing of foods. For 
the year under report the bureau scientists dkoovered, 
among other things, that putting apples in cold 
storage immediately after picking almost completely 
prevents soft scald; that adding sulfur dioxide to the 
sawdust packing of grapes retards the development 
of mold; and that treating fruits with carbon dioxide 
before shipment is as effective as pre-cooling in pre¬ 
venting spoilage. 

That is a partial report of the research accomplish¬ 
ments of one bureau. It gives point to the state¬ 
ment that research can stabilize crop production and 
eliminate or reduce those hazards—of disease, of 
climate, even of soil—which make agricultural 
production uncertain. For it remains true that 
though drouth or disease or insect pests may raise 
the price of a crop by reducing the supply, such 
higher prices are cold comfort to the particular farmer 
whose cotton has been destroyed by the boll weevil or 
whose wheat has been hit by rust. I have, I think, 
a proper scientific respect for insects and diseases, 
but I question whether we ought to leave it up to 
them to determine the size of our crops and the level 
of our incomes. Nor can I forget that every year, 
according to Dr. L. 0. Howard, the damage wrought 
by insects nullifies the labor of a million men. 

If time and your patience permitted, it would be 
possible to cite instances to show how research has 
affected all our major farm crops and classes of live 
stock, how the patience, the skill and the informed 
imagination of scientists employed by the Department 
of Apiculture have altered the agricultural map of 
this country and modified the farm practises of every 
farmer in the land. Many farmers are not aware of 
this, for the results of research reach the individual 
farm by an intricate, devious path, but they get 
there just the same. 

If you will apee with me on that, I suspect yon 
are at the same moment questioning whether this re¬ 
search has proved to be an unmixed blessing. Fbr 
science and invention, you will say, have not only 
made it possible for us to produce enough to go 
around: they have made it possible for us to pile up 
towering surpluses, which in turn seem capable of 
bringing our whole economic system crashing down 
around our ears. 

We can not deny that, when scientists in the De¬ 
partment of Agriculture develop a variety of wbeat 
that produces five bushels more per acre HoLa tiie 
variety commonly grown, one result may be, and often 
is, too much wheat. When our modeni of 
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nutriiioii enables one bushel of corn to go as far as 
two bushels did in the pioneer days in feeding live 
stock, one result may be too much pork and lard. 

Of late years the Department of Agriculture and 
the colleges have been aware of the problem. They 
have tried to meet it by helping the individual farmer 
adjust his own production to changing market needs. 
They have hoped that advice and complete informa¬ 
tion on supply and demand would suffice. 

Where they have been remiss, in my judgment, is 
in declining to face the fact that the individual farmer 
can not adjust his production intelligently, unless he 
knows, with some degree of certainty, that his neigh¬ 
bors will do likewise. And it is to face that fact real¬ 
istically that the new farm bill has been drafted. The 
essence of it is collective action, by all the producers, 
to accommodate their production to the market that 
actually exists. 

Our expenditures for science, our efforts at increas¬ 
ing productive efficiency have in no sense been un¬ 
wise. Certainly no thoughtful person could approve 
the abandonment of scientido research, or the relega¬ 
tion of our machines to the ash-heap. To do that 
would be like abandoning the use of automobiles be¬ 
cause we have automobile accidents. As a rule, the 
fault is not with the automobile, but with the driver. 

It is not the fault of science that we have unused 
piles of wheat on Nebraska farms and tragic bread¬ 
lines in New York City at one and the same moment. 
Rather it is because we have refused to apply science 
to the development of social machinery, machinery 
that will regulate our economic system to the end that 
what we produce can be equitably divided. 

I am not one to ask for less efficiency. I want more, 
and I know that we can get far more. But I want the 
efficiency to be controlled in auch a way that it docs 
more good than harm. 1 want to see the farmers of 
the South grow 300 pounds of cotton per acre instead 
of 160 pounds, and the farmers of the North 60 
bushels of com per acre instead of 36 bushels. I 
want to see the average milk cow yield 400 pounds of 
butter fat per year instead of 200. And I see no rea¬ 
son why our hogs eventually should not produce 100 
pounds of pork on the average from 6 bushels of 
com, instead of from 0 bushels. 

These things can all be done. The research now 
going on will make it possible, and will pave the way 
for countless new agricultural achievements as well. 

Only the other day I learned that research now in 
progress indicates that crops grown in some regions 
of the nation have a higher nutritional value than do 
apparently similar crops grown in other areas. If 
farther study bears this out, the oonsequences will oer- 
tainly be far-reaching. Wo may have a new agricul¬ 
tural map a decade from now« 

ibB research job, far from being done, is only weU 


begun. We shall need new varieties of cereals and 
grasses to resist diseases better than those we now 
have. We shall have to keep cutting costs of produc¬ 
tion by increasing yields per acre. Methods of culti¬ 
vation, like methods of feeding and managing live 
stock, must be subject to continuing investigation if 
we are to keep abreast of the continually changing 
economic world about us. 

When our chemists, not long ago, discovered an eoo- 
nomioal method by which bagasse, a sugar cane waste, 
could be made into high-quality cellulose, suitable for 
rayon, we patted ourselves on the buck for an achieve¬ 
ment of considerable importance. But over in the 
Bureau of Chemistry and Soils is a small bottle of a 
brownish cellulose substance called lignin, which was 
derived from the corn plant after many years of ex¬ 
perimentation. The chemist will tell you that lignin 
is one of the principal parts of woody plant tissues; 
that it can therefore be obtained in abundance; and 
that it may yield a startling new collection of products. 
Already he has discovered in lignin such compounds 
as phenol and creosol. Lignin may yet rank, in its 
rich potentialities, in its influence on disposing of 
farm wastes, with our major chemical discoveries. 

No, the job of scientific research in agriculture is 
not over, nor will it ever be. But to-day we have a 
new job, a new field for experimenting—that of social 
control. Research to increase productive efficiency, to 
widen markets, must continue. Eliminate the less im¬ 
portant xSeiearch activities, in deference to the need 
for economy; get rid of the dead wood in our scien¬ 
tific organizations—but keep the men of science at the 
tasks which will always need doing. And add to the 
old job the one that has been begun so well, this new 
job of developing the machinery of social control. 

Can we, do you suppose, become as efficient in our 
social experimenting as we have already proven our¬ 
selves in scientific experimenting T If this ean be 
done, we can go ahead into one triumph after another 
in the scientific world. If it is not done, I fear for' 
the future of our civilization. 

The farm bill is an effort in the direction of such 
social inventiveness. In some ways, it is perhaps as 
orude as the first automobile. But 1 believe it is pro¬ 
foundly right in purpose, for it attempts a reconcilia¬ 
tion between science and so^al justice; and 1 believe 
it can be made to work, if the rank and file of the peo¬ 
ple of the United States—the men who grow our food, 
the men who handle and distribute it, the men and 
women who consume it—the new machine will work 
if all these people are genuinely hungry to distribute 
the fruits of science in a just way. 

For that is our great modem problem. Having 
conquered the fear of famine, with the aid of science, 
having been brought into an age of abundance, we 
now have to learn how to live with abundance. SomO- 



460 


8CIES^ 


Yob. tm.' 


timeB I think it requires stronger characters, greater 
hearts and keener minds, to endure abundance than it 
takes to endure penury. Certainly it requires a new 
degree of tolerance among competing economic groups 
and a willingness to subordinate the will of the few to 
the we^are of the many. 

Personally, I think the last twelve years have im¬ 
printed this lesson deeply on all of us. I think we are 
ready, now, to reach out towards a new order. I be¬ 
lieve we are ready to attempt to plan our economic 
life in return for stability and security. If this is 


true, then we have reached a great moment in tiw iua- 
tory of mankind. We have determined to become the 
maatera rather than the victims of destiny. We are 
daring to bring the economic interests of men under 
oonsciouB human control. 

We may make mistakes along the way; we may 
have difficulty in mastering all the intricacies of an 
economic system that is full of puzzling oontradic- 
tions; but if we operate our new social machinery 
with the spirit of social justice in all our hearts, I be¬ 
lieve that it will work. 


THE SIGNIFICANCE OF RECENT MEASUREMENTS 

OF COSMIC RAYS^ 

By Professor ARTHUR H. COMPTON 

UNJVTASITY or OHIOAQO 


Three major methods of observing cosmic rays 
have been developed. By means of an ionization 
chamber filled with a gas such as argon under high 
pressure the cosmic rays can be measured in terms 
of the conductivity or ionization they produce in the 
gas. Thus it is found that at high altitudes in a 
balloon or on a mountain a much greater ionization 
18 observed than at sea-level, while inside a deep tun¬ 
nel, if the gas is shielded from gamma-rays, ionization 
is almost completely absent. The cloud expansion 
chamber, invented by C. T. R. Wilson, makes visible 
the paths of the ionizing particles associated with the 
cosmic rays, as they break into ions some of the air 
molecules through which they pass. Some of these 
particles seem to be the cosmic rays themselves, 
whereas others are secondary particles produced by 
the cosmic rays. Highly sensitive ion chambers, con¬ 
nected through amplifying tubes to electrical record¬ 
ers, serve to count the cosmic rays as they pass 
through the chambers. These are known as ^‘counting 
tubes.'' By arranging these tubes in pairs, so con¬ 
nected that they will record only when both are ex¬ 
cited simultaneously, it is possible to study the direc¬ 
tion from which the cosmic rays are coming. 

With the help of such devices it has been found 
that a kind of ray exists which comes from high above 
the earth and is strongly but not completely absorbed 
as it passes through the earth's atmosphere. Believ¬ 
ing that these rays have originated in the remote 
parts of space, they have been called cosmic rays. 
The heat that they bring to the earth is less than 
that of starlight. But they are the most penetrating 
rays with which we are acquainted. 

1 Based on an address delivered at the dedication of 
the Eastman Beeearch Laboratories of Physics and Ohem^ 
istry, at the Massachusetts Institute of Technology, May 
1, 1933. 


Two types of theories have been suggested to ac¬ 
count for the origin of these rays. The first type 
assumes the cosmic rays to be photons, or electro¬ 
magnetic waves, like light or x-rays or the gamma- 
rays from radium, but of much shorter wave-length. 
If the rays are of this type, their observed penetrat¬ 
ing power corresponds to the energy of rays that 
might be emitted by subatomic processes, such as the 
formation of hydrogen out of helium or the annihila¬ 
tion of hydrogen atoms. Dr. Robert A. Millikan has 
strongly defended the view that cosmic rays are emit¬ 
ted at the formation of heavy atomic nuclei from 
groups of lighter nuclei, and has made this a stage 
in the life cycle of matter in a continuous universe. 
Sir James Jeans has proposed the annihilation of 
hydrogen atoms as a source of the most penetrating 
cosmic rays, and sees this as one way in which the 
universe is running down. 

The second class of theories supposes that cosmic 
rays are not photons, but electrically charged particles 
entering the earth's atmosphere from outer space. 
Danvillier imagines that these particles are shot out 
from the sun by intense local electric fields. Swann 
suggests that they come from the changing magnetic 
field of sunspots on the hotter stars. But by far the 
most romantic and by no means the least plausible 
theory is that of Abbe Qeoiges H. Lemaitre. He 
attributes them to a primeval explosion of the uni¬ 
verse some thousands of ndllions of years ago, sinoe 
which time the universe has been expanding, and cer¬ 
tain atoms and pieces of atoms that have hemx flying 
about in space ever since constitute the cosmic rays 
which we now observe. 

In order that a choice may be made among these 
theories, it is important that the nature of tiie oosmio 
rays be learned. Five methods of approaohit^ ibis 
problem may be metiti<med: 
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(1) Observatiozia with the cloud expansion chamber 
described above show that the ionization observed in 
air is due directly to high-apeed particles. When a 
strong magnet is present these particles curve in both 
direotionSi indicating that some are positively and 
some negatively charged. Some of these particles are 
certainly seoondaiy rays produced by more energetic 
primary rays, though certain ones have energies suffi¬ 
cient to carry them tlirough the earth’s atmosphere. 
These experiments thus do not tell us whether the 
primary cosmic ray is a photon or an electrified par- 
tiole* 

(2) Experiments with the coincidence counters de¬ 
scribed above, performed by Bothe and Kolhorster in 
Germany and Rossi in Italy, have shown that these 
coincidences are due to ionizing particles which are 
absorbed at substantially the same rate as the oosmic 
rays themselves. These experiments have been sup¬ 
plemented by recent ones by Johnson and Street which 
show that the pairs of ionizing particles that are 
frequently observed are produced by rays which are 
themselves ionizing particles. Since the only ionizing 
particles with which we are acquainted are electrically 
charged, these experiments point strongly toward the 
cosmic rays as electrically charged particles rather 
than photons. 

(3) Opposed to this conclusion ore some early ex¬ 
periments by Millikan and his collaborators which 
seemed to show no variation of the intensity of the 
cosmic rays with the position in the earth’s magnetic 
field. Theories, due to Stormer and recently much 
more completely developed by Lemaitre and Manuel 
S. Vallarta at the Massachusetts Institute of Tech¬ 
nology, have shown that unless they have energies 
much greater than is supposed, any electrified par¬ 
ticles should have their paths bent by the earth’s 
magnetic field, resulting in a diminished intensity near 
the equator as compared with that near the poles. 
During the past year a group of our associated ex¬ 
peditions have made measurements at stations widely 
distributed over the earth. Their combined data show 
precisely the kind of variation in intensity with lati¬ 
tude predicted by the theory, only the energy of the 
electrified particles is somewhat greatet than had been 
supposed. More recent experiments by Clay and by 
Millikan’s collaborators have confirmed this result. 
This indicates definitely that at least a part of the 
cosmic rays consists of electrified particles. 

(4) At those latitudes where the deflection by the 
earth’s magnetic field is sufficient to prevent part of 
Urn incoming eleetrifled particles from reaching the 
earthii there should be a difference between the rays 
firem east and from the west. If the rays are 
poeirively ohaiged^ they should come mostly from the 

if iMfatively, mostly from Uie east. At these 


latitudes, numerous experiments have failed to show 
any appreciable difference. Our geographical distri¬ 
bution curves, however, indicated that as far south os 
Mexico such differences should appear. Accordingly, 
Alvarez, from the University of Chicago, and John¬ 
son, from the Bartol Research Foundation, have been 
working independently in Mexico City during the past 
month, and have both reported a definite predomi¬ 
nance of the cosmic rays from the west. This moans 
that at least a considerable part of the cosmic rays 
consists of positively charged particles. 

(5) The recent high altitude balloon flights have 
had as their chief objective the study of the ioniza¬ 
tion due to cosmic rays near the surface of the atmos¬ 
phere. It can be shown that if the primary rays are 
photons, the observed ionization should roach a maxi¬ 
mum with increasing altitude, and then fall toward 
zero as the surface of the atmosphere is approached. 
If, however, the primary cosmic rays are electrified 
particles, the observed ionization should approach a 
maximum at the top of the atmosphere. The highest 
measurements so far performed are those of Regener, 
whose balloon went to 17 miles above the earth, and 
his results seem rather definitely to support the elec¬ 
trified particle theory. 

Thus every type of direct tost that has been devised 
has indicated the presence of electrified particles in 
the cosmic rays. We can say definitely that positively 
charged paiiades constitute an important part of these 
rays. The possibility has not been excluded that 
photons may be present among these rays as they 
enter the earth’s atmosphere; but as yet no direct 
evidence of such photons has appeared, and it appears 
probable that, if present, they play a minor r61e. 

The experiments thus favor those theories which 
are based upon the assumption of cosmic rays as elec¬ 
trified particles rather than as photons. Of the elec¬ 
trified particle theories, those which attribute the rays 
to particles shot from the sun or stars, as Dauvillier 
and Swann have done, are somewhat difficult to recon¬ 
cile with the positively charged character of the rays. 
For while negatively charged thermoeleotrons might 
well be thus produced, the origin of positively charged 
rays is more difficult to account for. New information 
on Uiis point may be anticipated if work now in prog¬ 
ress shows whether these positively charged cosmic 
rays are protons or positrons. 

In the meantime, all the data so far found fit satis¬ 
factorily with Leihaitre’s hold "explosion" theory of 
the rays. 

A tapidly growing aspect of the study of cosmic 
rays is tiieir use as a tool for the investigatiou of the 
strpoture of the atomic nucleus. The most striking 
result of snoh experiments is Anderson’s recently an^ 
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nounoed discovery of the positive electron, or “posi¬ 
tron/' Because of the tremendous energy of the 
individual cosmic ray, it is capable of producing 
nuclear disruptions much more violent than those re¬ 
sulting from the most powerful artificial sources. 
Thus a recent photogpraph by Blackett shows no less 
than twenty pieces presumably ejected from the 


nucleus of a single atom by the action of one cosmic 
ray. The enezgy of the particles flying from this 
burst is not less than several billion electron volts. It 
will be a long time before the laboratory will produce 
ten billion vplt electrons. Until that time we may 
expect to find cosmic rays of unique value for studies 
of nuclear structure. 


OBITUARY 


WILLIAM HENRY HOLMES 

William Henry Holmes, anthropologist, geolo¬ 
gist and artist, died April 20 at Royal Oak, Michigan, 
at the age of eighty-six years. Born near Cadiz, Ohio, 
on December 1, 1846, his parents Joseph and Mary 
Heberling Holmes, he received the schooling available 
in the forties, progressing till he graduated at the 
Hopedale Normal School. For several years he 
taught in the district and normal schools, until his 
preference for art prevailed over other interests. 

Dr. Holmes entered into science by a fortuitous 
avenue which the ancients attributed to destiny or 
fortune. On a visit to Washington the youth was 
found in the Smithsonian Institution enjoying him¬ 
self in drawing birds displayed in a case. One of 
the ornithologists happened by and saw the drawing, 
appreciated the evidences of his skill, and got him 
employment for work at the Institution. From that 
time on his pencil and brush were requisitioned for 
illustrations of the various reports. On that horizon 
Dr. Holmes viewed his future course in the develop¬ 
ment of his art. With this in view ho later studied 
in Europe at several German schools. In the course 
of events ho was drawn into the work of the U, S. 
Geological Survey and took the field in 1872 as artist 
under F. V. Hayden, becoming an assistant geologist 
in 1874. During this period ho produced hundreds 
of drawings showing the physiographic features, of 
which those of the Grand Canyon of the Colorado 
are classics in geology. In charge of the survey of 
the San Juan region in Colorado, he stepped into a 
field that was to dominate his scientific life. This 
region, the homeland of the ancient Pueblo Indians, 
strewn with ruined pueblos and clifE dwellings, ex¬ 
erted its fascination to Dr. Holmes, and we find him 
in 1876 writing the first report on these archeological 
sites, his first contribution to anthropology. Many 
of these ruins he was the first white man to see, and 
he entered houses where the dust had not been dis¬ 
turbed for a millennium. Returning in 1889 to Wash¬ 
ington he became connected with the Bureau of Amer¬ 
ican Ethnology, pursuing researches on the geological 
history of man in America, of whidh subject he was 
the outstanding student. F^m 1894 to 1697 he was 


non-resident and resident professor of anthropic geol¬ 
ogy in the University of Chicago and curator of an¬ 
thropology in the Field Museum. During this period 
he prosecuted an archeological survey of the ruined 
Maya cities of Yucatan, the report demonstrating his 
skill as an artist, architect and archeologrist. Again 
returning to Washington, he became head curator of 
the Department of Anthropology of the U. S. Na¬ 
tional Museum, and for a few years he devoted his 
efforts to museum science, building this branch of the 
museum to an enviable state of excellence. 

As a master of museum science Dr. Holmes was 
without rival. In the harmonious arranging of cases 
for exhibit he applied the laws of structure implanted 
in him. To questions near to museums of the time he 
brought a consummate taste and unerring judgment 
as to ways and means. The group cases illustrating 
the races of man were designed by him as pictures 
telling the story in the most artistic manner. These 
groups show he had the knack to present science in 
an instructive and pleasing setting. For these 
reasons the groups are favorably and widely known 
08 climaxes of achievement in museum installation. 
In a multitude of objects in the National Museum 
his taste and near approach to perfection are evi¬ 
dent. Mention should be made of the models of 
ancient temples of Yucatan as examples of this out¬ 
standing artistic ability. 

In anthropology the branch in which Mr. Holmes 
was especiaUy proficient was archeology. To this 
nascent branch he contributed much of the ground¬ 
work which has remained unshaken to this day. To 
his early work in the Southwest he added explora¬ 
tions of ancient works broadly over the whole United 
States. It remained to him to correlate much of the 
data secured by personal fieldwork and the work of 
others. Confining his work to America, he took the 
leadership in controverting the application of Euro¬ 
pean terminology and sequences to this field, advano- 
ing a restricted view as to the antiquity of man in 
the Western Hemisphere. In the era of sometimes 
bitter controversy that marked the adolescence of 
anthropology, Holmes was always to the front with 
well-reasoned contributions serving to olesr up tkB 
subjects in question. 
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The body of anthropologioal Itterature contributed 
by Holmes in extent seems alone a life work. The 
larger works appeared in the annuals of the bureau. 
Among these are: Stone Implements of the Potomac- 
Chesapeake Tidewater Province (15th ann.); Ab¬ 
original Pottery of the Eastern United States (20th 
ann.); Handbook of American Antiquities. Part 1. 
Introduction. (Bull. B. A. £. no. 60). During his 
administration of the Bureau the Handbook of 
American Indians, Bulletin 30, was brought to com¬ 
pletion and published. 

Throughout his career he displayed a remarkable 
ability to grasp a subject at once or to see the impli¬ 
cations of a problem as unerringly as bis pencil fol¬ 
lowed the subtle outlines of his model. The driving 
force that was within Holmes never ceased its urge 


till near the close of his busy life. Whatever be 
undertook was carried forward under pressure of his 
indomitable will. This characteristic is observed in 
his youth when despite obstacles he trained himself 
in art 

Many honors came to Holmes during his busy life. 
He was a member of the National Academy of 
Sciences, president of the Washington Academy of 
Science and of the Cosmos Club. He was honorary 
member of the University of La Plata, Aigentina, and 
prominent in Spanish-American conferences, meet¬ 
ings of the Americanists, and in many other move¬ 
ments. On his 70th birthday he was presented with 
a magnificent anniversary volume of anthropologioal 
essays by his friends and co-laborers. 

Walter Hough 


SCIENTIFIC EVENTS 


THE McDonald observatory 

Dr. Otto Struve, director of the Yorkcs Observa¬ 
tory of the University of Chicago, has announced 
that Mt. Locke, a 6,790 foot peak in the Davis Moun¬ 
tains in southwestern Texas, has been chosen as the 
site of the new McDonald Observatory. 

The McDonald Observatory will be a cooperative 
enterprise on the part of the University of Texas, 
which is to build the telescope and observatory build¬ 
ings from a part of the bequest of the late W. J. 
McDonald, of Paris, Texas, and the University of 
Chicago, which is to provide the staff for the observa¬ 
tory, The agreement between the two universities is 
the first cooperative effort in astronomy made in this 
country. Although enabling them to build a much 
larger and effective instrument than would have been 
possible had two independent observatories been con¬ 
structed and staffed, the cooperative agreement will 
mean a saving of over a million dollars to the two 
universities. 

The decision of Dr. Struve to place the McDonald 
Observatory on Mt. Looke was made following the 
return this week of an expeditbn headed by Profes¬ 
sor George Van Biesbroeok, of the Yerkes Observa¬ 
tory. This expedition, which spent seventeen nights 
on Mt. Looke making observations, confirmed the 
findings of two earlier expeditions made by Assistant 
Professor Christian T. Elvey last November and by 
Dr. Struve in December. 

A tract of 200 acres, which includes Mt. Locke, has 
been given the University of Texas for the observa¬ 
tory site. The Mt. Locke site is about fifteen miles 
from the nearest town, Fort Davis, and Dr. Struve 
believes that it offers the best conditions for astro- 
nomiosl research to be found in the United States. 

Because the solar system is onsymmetrioally situ¬ 


ated among the stars of the galaxy, and more than 
nine tenths of the stars and nebulae interesting to 
astronomers are south of the equator, the farther 
south an observatory the better the conditions. Were 
unlimited means available, the McDonald Observatory 
probably would have been established south of the 
equator, in New Zealand. 

The southern latitude of Mt. Locke, approximately 
31 degrees, makes many stars visible which are never 
above the horizon at Yerkes Observatory at Williams 
Bay, Wisconsin. Atmospheric conditions are much 
better in the Davis Mountains also, the nights being 
uniformly clear and the stars being twice as bright 
as they are in the latitude of Chicago. The elevation 
of Mt. Locke exceeds that of the Mt. Wilson and Lick 
Observatories, and is just a little short of the eleva¬ 
tion of Lowell Observatory near Flagstaff, Arizona, 
but the McDonald Observatory will have a much 
larger instrument. 

Definite specifications for the equipment at the 
McDonald Observatory have been made and submit¬ 
ted to instrument builders in this country and abroad. 
Dr. Struve expects that the order for the telescope 
will be placed in the near future, and completion of 
the observatory may be possible a year ahead of the 
contract date of July 1, 1938. 

The mounting of the MoD<fiiald telescope is to bo 
constructed in such a way that the light of any star 
may be concentrated in a room of constant tempera¬ 
ture, where it may be analyzed with the md of prisms, 
photo-electric photometers or other analyzers. There 
will be a plateholdor for the direct photography of 
comets, stars, planets and nebulae, and several spe¬ 
cially designed lenses which will improve the optical 
definition of the instrument. 

Second only in light-gathering power to the 106- 
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inch mirror at Mt. Wilson, the McDonald telescope 
will have an eighty-inch mirror made of glass with a 
low coefficient of expansion and will therefore be suit¬ 
able to a climate where appreciable changes of tem¬ 
perature during one night are usual. 

THE BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 

The British Association for the Advancement of 
Science will meet in Leicester from September C to 
13. The inaugural general meeting will take place 
at 8:30 p. m. on Wednesday evening, September 6, 
when Sir Frederick Gowland Hopkins, also president 
of the Royal Society, will deliver the address of the 
president on the chemical aspects of life. 

The presidents of the sections and the titles of their 
addresses are as follows: 

Section of Mathematical and PJiysical Sciences, Sir 
Gilbert T. Walker, ‘^Seasonal Weather and its Predic¬ 
tion^'; Section of Chemistry, Professor R. Robinson, 
'^Natural Coloring Matters and their Analogues*'; 
Section of Geology, Professor W. G. Feamsides, 
“Structures of Some British Coal-fields"; Section of 
Zoology, Dr. J. Gray, “The Mechanical View of 
Life"; Section of Geography, The Right Honorable 
Lord Meston, subject to be announced; Section of 
Economic Science and Statistics, Professor J. H. 
Jones, “The Gold Standard"; Section of Engineering, 
B. W. AUen, “Some Experiences in Mechanical Engi¬ 
neering"; Section of Anthropology, the Right Hon¬ 
orable Lord Raglan, “What is Tradition t"; Section 
of Physiology, Professor E. D. Adrian, “The Activ¬ 
ity of Nerve Cells"; Section of Psychology, Professor 
F. Aveling, “The Status of Psychology as an Empiri¬ 
cal Science”; Section of Botany, Professor F. E. 
Lloyd, “The Various Door Mechanisms of Utricularia 
and Polypompholyx and their Method of Action"; 
Section of Educational Sciences, J. L. Holland, “The 
Development of a National Educational System”; 
Section of Agriculture, Dr. A. Lauder, “Chemistry 
and Agriculture,” 

There will be a large number of symposia and dis¬ 
cussions. 

Evening discourses to the members will be delivered 
on Friday, September 8, and Monday, September 11, 
by Sir Joaiah Stamp, general treasurer of the asso¬ 
ciation, on a subject in economic science, to be an¬ 
nounced; and by Professor Jocelyn F. Thorpe, on 
“The Work of the Safety in Mines Research Board.” 
A reception will be held by the Ijord Mayor and Lady 
Mayoress of the City of Leicester (Councillor Arthur 
Hawkea, J.P., and Mrs. Hawkea), on Thursday even¬ 
ing, September 7; a garden party will be givei} by 
the University College on Monday afternoon, Sep¬ 
tember 11; a reception will be given by the Leicester 
Literary and Philosophical Society in the Museum 
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and Art Gallery on Tuesday evening, September 12. 
The usual excursions to points of interest, to ihdua- 
trial establishments and to educational institutions 
have been arranged. 

This is the second meeting of the association to be 
held at Leicester. It met there in 1907, when Sir David 
Gill, the astronomer, was president, and the ooooeion 
was notable as the last on which Lord Kelvin attended 
and addressed the association of which he had long 
been an active supporter. The meeting of the asso¬ 
ciation in 1934 will be held in Aberdeen. 

THE ROYAL INSTITUTION AND SIR 
WILLIAM BRAGO 

Wb learn from the London Times that at the an¬ 
nual meeting of the members of the Royal Institution, 
which was held on May 1, with the president, Lord 
Eustace Percy, in the chair, it was announced that 
the payments in connection with rebuilding had been 
completed. During the years 1929-32 the managers 
bad been successful in collecting the sum of £90,300 
for the rebuilding and research endowment. 

The institution's Friday evening discourses and 
afternoon lectures had crowded the lecture theater on 
many occasions during the year, and the privilege of 
free attendance at afternoon lectures by bona p4e 
students in London had been much appreciated and 
used. Professor G. Elliot Smith had succeeded Pro¬ 
fessor J. B. S. Haldane as Fullerian professor of 
physiology. On the research side the x-ray investiga¬ 
tions under the direction of Sir William Bragg 
showed steady progress. Lord Eustace Percy was 
again elected president for the ensuing year, with Sir 
Robert Robertson treasurer and Major Charles E. B. 
Phillips secretary. 

At the oonolusiou of the meeting a portrait of Sir 
William Bragg, the director, by William Nicholson 
was presented to the institution, where it is to be 
hung, by the honorary secretary, Major Phillips, on 
behalf of a group of friends. In a brief speech, as 
reported in the Times, Major Phillips paid a tribute 
to the artist and expressed the respeot and admiration 
which the members of the Royal Institution felt for 
the great scientific achievements of their director and 
their appreciation of the manner in which he upheld 
its great traditions. AU of them regarded him with 
affection, and it was fitting that his portrait should 
be hung on their walls with those of the other men 
who had made the Royal Institation what it was. He 
read a letter from Sir James Criohton-Browne 
apologixing for absence and remarking that tbe por¬ 
trait showed face and figure of a teal man, an 
embodiment of vital and intdketnal vigour, a greki 
discoverer, a hrilliant enpoutor and a gmiiid 
Lozd Eustace Percy, accepting ike on 
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of tho Boy«l Infttitntion^ aaid that the portrait was 
one which the institution migfht well be proud to 
possess; it reminded them very warmly and intimately 
of a man whom they all respected and loved. 

Sir William Bra^ said that he was proud and 
grateful that his portrait should be given with such 
expressions of good will. The institution was an un- 
ofifloial body, not oonneoted with any government or 
munieipal establishment. It worked on its own and 
its auooesses had been due to the devotion of its mem¬ 
bers, who had always helped it within their powers. 
In the past 10 years ho had always found a prompt 
response made by any member approached with a re¬ 
quest on behalf of the Royal Institution for lectures 
or other services. He had never had an unfavorable 
response and hoped he never would. The institution 
was held in astonishing affection by the country at 
large. Its members were a friendly body, and in this 
lay their strength. They were trying to draw to¬ 
gether, by personal contact if possible, all those inter¬ 
ested in the advance of knowledge. That they had 
been able in the last three years to pull themselves 
out of difficulties and rebuild their home was the 
result of real friendship all around. 

THE AMERICAN ACADEMY OF ARTS AND 
SCIENCES 

At the annual meeting of the American Academy 
of Arts and Sciences held in Boston on May 10, the 
following officers were elected: 

Prcstdcsf, Oeorge H. Parker; Pice •president for Class 
I, Harry M. Goodwin; Vice-president for Class //, Walter 
B, Cannon; Vice-president for Class III, Edwin F. Gay; 
Vioe-presideni for Class IV, Arthur 8. Pease; Corre¬ 
sponding Seoreiarp, Tenney L. Davis; Recording Becre- 
tary, Walter E. Clark; Treasurer, IngersoU Bowditch; 
Librarian, Alfred C. Lane; Editor, Herbert V. Neal. 

Fellows of the academy elected in the natural and 
exact Boienoes are: 

Class I 

Section 1— MaihoTnatios and Astronomy 

Jesse Douglas, Cambridge. 

Marshall Harvey Stone, New Haven, Connecticut. 


Bection 3— Chemistry 
Louis Frederick Fieser, Waltham. 

George Bogdan Kistiakowaky, Cambridge. 

Henry Weeden Underwood, Cambridge. 

Section 4— Technology and Engineering 
Harold Kilbrith Barrows, Winchester. 

Arthur Edwin Norton, Cambridge. 

Frank Edward Winsor, West Newton. 

Class II 

Section 1— Geology and Meteorology 
Charles Franklin Brooks, Milton 
Frank Morton Carpenter, Cambridge. 

Section 3— Zoology and Physiology 
Philip Bard, Cambridge 
Aldan Benjamin Dawson, Cambridge 
Frsmk Battray InlHo, Chicago, Illinois. 

Jeffries Wyman, Jr., Chestnut Hill 

Section 4— Medicme and Surgery 
Reginald Fitz, Brookline 
Edgar Erskine Humo, Washington, D. C. 

George Burgess Magrath, Boston. 

George Cheovor Shattuck, Brookline. 

Soma Weiss, Cambridge. 

Among these elected in Class IV are; 

t 

Section 1— Theology, Philosophy and Psychology 
Gordon Willard Allport, Cambridge. 

Howard Crosby Warren, Princeton. 

Frederii*. Lyman Wells, Newton Highlands. 

Section 2— Eutiory, Archeology and Anthropology 
Edward Sapir, New Haven 

Foreign members were elected as follows: 

Section of Chemistry 
Jaroslav Heyrovsky, Prague. 

Fritz Paneth, Konigsberg. 

Section of Zoology and Physiology 
Hans Spemann, Freiburg i. B. 

Section of Theology, Philosophy and Psychology 
George Elias Muller, Gottingen. 

Section of History, Archeology md Anthropology 
Sir Arthur Keith, London. 


SCIENTIFIC NOTES AND NEWS 


Tbb Rtunford Medal of the Amerioan Academy of 
Arts and Sciences has been awarded to Dr. Harlow 
Shapley, director of the Harvard College Observa¬ 
tory, for ‘'researches on the luminosity of stars and 
galaxies.'’ 

FnovBBSCai S. A. MmiHliJi, director of the Leander 
IfsOovmidk Obsepatory of the University of Yir- 
-giaia» has been eleeted a foreign associate of the 
Society. 


It is proposed to name a Colorado mountain peak 
after Dr. William Trelease, emeritus professor of 
botany of the University of Illinois, formerly head 
of the Henry Shaw School of Botany at Washington 
University, St, Louis, and director of the MisBoari 
Botanical Garden. ^ 

Fbcotssob Albebt Eikstein will deliver the 
Gibson Memorial Lecture at the University of GW* 
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gow on June 20. On June 21 the doctorate of laws 
will be conferred on him. 

Sm Charles S. Sherrington^ Waynflete profes¬ 
sor of physiology, University of Oxford, will deliver 
the Bede Lecture on May 24, on ^‘Mechanism and the 
Brain.” 

The Linacre Lecture was delivered at the Univer¬ 
sity of Cambridge by Professor E. Mellanby on May 
6 on “The Nervous System within the Palo of Nutri¬ 
tion.” 

Professor H. II. Plaskett, who was associate and 
professor of astrophysics at Harvard University from 
1928 until 1932, when he was elected to the Savilian 
professorship of astronomy at the University of Ox¬ 
ford, delivered his inaugural address on April 28 on 
“The Place of Observation in Astronomy.” 

The Italian Eugenics Society recently elected Dr. 
Jon Alfred Mj0en, Vinderen Laboratorium, a corre¬ 
sponding member. Dr. Mj0en also recently was 
elected a corresponding member of the Berlin Society 
for Anthropology and Ethnology. 

The Daniel Guggenlieim Medal “for notable 
achievement in the advancement of aeronautics” for 
3933 has been awarded to Commander Jerome Clarke 
Hunsaker, vice-president of the Goodyear-Zeppelin 
Corporation of Akron, Ohio. The formal presenta¬ 
tion of the medal will probably take place at a meet¬ 
ing of the Society of Automotive Engineers in 
Chicago in August. Previous Guggenheim medalists 
have included Orville Wright, Ludwig Prandtl, of 
Germany, Frederick William Lanchester and Juan de 
la Ciorva of England. 

The Canadian Institute of Mining and Metallurgy 
has awarded the first platinum medal established for 
award by any scientific society to John James Denny, 
of Kingston, in recognition of his contribution to 
the art of concentrating gold and silver ores. The 
gift is that of the International Nickel Company of 
Canada, Limited, in commemoration of the fiftieth 
anniversary of the discovery of the nickel deposits 
in the Sudbury district. It was designed by Dr. R. 
Tait McKenzie, research professor of physical edu¬ 
cation at the University of Pennsylvania. 

The Colwyn Gold Medal of the British Institution 
of the Rubber Industry was presented on the occa¬ 
sion of the fourteenth annual dinner, held in London 
on April 28, to W. H. Pauli in recognition of his 
services to the pneumatic tire industry. 

Four appointments have been made by Yale Uni¬ 
versity and the Bernice Pauahi Bishop Museum of 
Hawaii, in their joint program of scientific investiga¬ 
tion within the Paoifle Ocean area. Dr. Peter H. 


Buck has been reappointed Bishop Museum professor 
of anthropology at Yale, and Professor Samuel J. 
Record, of the Yale School of Forestry, has been 
selected as the representative of the university to 
go to Honolulu to consult with the director and 
trustees of the museum in regard to further collabora¬ 
tion between the two institutions. Arthur C. Smith, 
associate curator of the New York Botanical Gar¬ 
den, and Laura M. Thompson, of Berkeley, Califor¬ 
nia, have been appointed Bishop Museum research 
fellows for 1933-34. 

Db. C. L. Butler, who has been a member of Mel¬ 
lon Institute since 1926, has been appointed senior 
fellow in pure research in the department of research 
in pure chemistry. 

Dr. George B. Ray, associate professor of physiol¬ 
ogy in the School of Medicine of Western Reserve 
University, has been appointed professor of physiol¬ 
ogy and pharmacology at the Long Island College 
of Medicine. He succeeds Dr. John C, Cardwell, 
who retired last June. 

Carol Y, Mason has been appointed assistant pro¬ 
fessor of geology at Milwaukee-Downer College. 

Dr. K. G. Embl£us, lecturer in physics at the Uni¬ 
versity of Belfast, who is at present in the United 
States as holder of a Rockefeller fellowship, has been 
appointed to the chair of experimental physics in 
succession to Professor W. B. Morton. 

The Committee on Scientific Research of the Amer¬ 
ican Medical Association has made a grant to Dr. 
Robert Hegner, professor of protozoology in the 
Johns Hopkins School of Hygiene and Public Health, 
for the purpose of studying the relation of starch to 
infections with intestinal protozoa. 

Professors C. J. Joubert and M. S. du Toit, of 
Stellenbosch University in the Union of South 
Africa, arrived recently at the Citrus Experiment 
Station of the University of California, at Riverside, 
and are making an extended study and research in 
connection with agricultural problems affecting South 
Africa. Professor Joubert is making a study of the 
methods of biological control of insect pests, espe¬ 
cially in connection with California’s control of the 
mealy bug situation. Professor du Toit is studying 
methods of reclamation of alkali lands. 

Db. Kurt Lewin, acting professor of psychology 
at Stanford University, sailed recently for Japan. 
He will travel through Japan and Russia, lecturing 
at the universities of Tokyo and Moscow. He planned 
to arrive early in May in Germany, where he will 
continue his work. Professor Iiewin was formerly 
connected with the Institute of Psychology at the 
University of Berlin. 
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Ds. Thoic^ Babboub, professor of zoology and 
director of the University Museum at Harvard Uni¬ 
versity, made the principal address at the public 
opening of Maryland Hall, University of Richmond, 
on April 28, Maryland Hall completes the group of 
science buildings at that university. 

PaoKESSOR Charles E. Spearman, of the Univer¬ 
sity of London, lectured before the Society of the 
Sigma Xi at Northwestern University on May 5, on 
“Current Psychologies ” 

At a joint meeting at Washington University of 
the Academy of Science of St. Louis and the St. 
Louis Anthropological Society on April 26, Dr. Al¬ 
bert Ernest Jetiks, professor of anthropology at the 
University of Minnesota, delivered an illustrated 
address on “Minnesotans Glacial-Age Man.” 

Professor Eliot R. Clark, of the University of 
Pennsylvania, delivered an address to the faculty and 
students of the School of Medicine, George Washing¬ 
ton University, on April 29, on “The Spontaneous 
Activity of Capillarics.'n 

Dr. L. a. Wolfanger, of Columbia University, re¬ 
cently gave a series of lectures at Northwestern Uni¬ 
versity on the eharacteristiea, interpretation and 
economic significance of soils. 

Dr, James Ewing, Cornell University Medical 
College, and director of the Memorial Hospital, New 
York, will deliver the second Frank Billings Lecture 
of the Thomas Lewis Gilmer Foundation of the Insti¬ 
tute of Medicine of Chicago, on May 26. His sub¬ 
ject will be “The Depression: Its Effects on Medi¬ 
cine, Research and Practice.” 

At the suggestion of Dr, Max Honius, of Chicago, 
the Danish Government has appointed a committee of 
the most distinguished scientific men in Denmark to 
plan and prepare for the Museum of Science and 
Industry of Chicago a comprehensive series of exhib¬ 
its to show the evolution of Danish science from the 
days of Tycho Brahe. The chairman of the commit¬ 
tee is Frederik V. Petersen, under-secretary of state, 
and the vice-chairman is the Danish Ambassador to 
the United States, Otto Wadsted. Other members in¬ 
clude Professor Niels Bohr; Benny Dessau; Dr. Mar¬ 
tin Knudsen, professor of physics in the University 
of Copenhagen; Dr. August Krogh, professor of 
physiology in the University of Copenhagen; Dr. 
Svend Lomholt, director of the Finaen Laboratories; 
Dr. T. Madsen, director of the State Serum Institute; 
P. M. Miehelsen, chairman of the Danish Arts and 
Crafts Society; Professor A. W. Moerkeberg, direc¬ 
tor of the Royal Danish Agricultural College; Pro¬ 
fessor N. E. Noerlund, president of the Royal Danish 
Sciexme Assoeiation; Director Charles H. Olesen, 


obaiman of the Society for the Development of Dan¬ 
ish Industries; Professor Valdcmar Poulsen, inventor 
of the radio telephone and other radio devices; Pro¬ 
fessor S. P. L. Soerensen, director of the Carisberg 
Laboratory, and Dr. E. Buoh Andersen, professor of 
physics in Aarhus University. 

Formal installation of a new chapter of Sigma Xi 
was made on April 25, in the University of California 
at Los Angeles. Fifty charter members, principally 
faculty and teaching assistants, make up the initial 
roster of the new chapter. Following the oiHoial din¬ 
ner held in Kerckhoff Hall, the charter members and 
many prominent guests from outside institutions lis¬ 
tened to the formal addresses of the delegates charged 
with the installation. Professor Chas. J. Chamber¬ 
lain, of the University of Chicago, and Dr. J. A. 
Anderson, astronomer and president of the Mt. Wil- 
son-Califomia Institute Chapter, officiated. Officers 
elected included Dr. Samuel J. Barnett, chairman; 
Dr. E. K. Soper, secretary, and Dr. Hosmer W, 
Stone, treasurer. Pending establishment of the long- 
delayed graduate school in the Ijos Angeles division 
of the state university, membership in Sigma Xi will 
be confined largely to the university staff. Political 
developments in state legislative circles, however, are 
said to promise an early recognition of graduate 
study on the southern campus. 

The tenth annual initiation meeting of the Univer¬ 
sity of Virginia Chapter of Sigma Xi was held on 
May 2. The meeting was addressed by President 
Joseph S. Amos, of the Johns Hopkins University, 
who spoke on “Recent Applications of Science in 
Aviation.” The ninth annual award of the President 
and Visitors^ Research Prize of $100 was made to Dr. 
Carl C. Speidel, of the school of anatomy, Depart¬ 
ment of Medicine, for a paper entitled, “Studies of 
Living Nerves; the Movements of Individual Sheath 
Cells and Nerve Sprouts Correlated with the Process 
of Myelin-sheath Formation in Amphibian Larvae.” 
The Andrew J. Fleming Prize of $50 for the best 
paper in biology by a graduate student was awarded 
to Mr. Chaunoey McL, Gilbert. 

The fourth annual New York State Public Refor¬ 
estation Conference was held on May 12 and 13 in 
Binghamton, N. Y., under the auspices of the New 
York State College of Forestry at Syracuse and the 
Binghamton Chamber of Commerce, Among the 
speakers on the program were Lithgow Osborne, Con¬ 
servation Commissioner, Albany, New York; Seth 
Gordon, president, American Game Association, 
Washington, D. C.; Congressman John D. Clark, co¬ 
author of the Clark-McNary act, an important for¬ 
estry measure; Dean Samuel N. Spring, of the New 
York State College of Forestry, and William 
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Howard^ director of the Department of Lands and 
Forests in New Yoric, 

Thb Mexican Society of Geography and Statistics 
recently celebrated its hundredth anniversary with 
special ceremonies, attended by President Rodriguez, 
cabinet ministers and members of the diplomatic 
corps. The celebration, which consisted of two arl- 
dresses and several orchestra numbers, marked the 
centenary of the issuance of a decree by Presidcid 
Valentin Gomez Farias in 1833, establishing the 
^'National Institute of Geography,” on organization 
which later became the Mexican Society of Geogra¬ 
phy and Statistics. 

The annual meeting of the British Medical Asso¬ 
ciation will bo held for the first time in Dublin next 
summer under the presidency of Dr. T. G. Moorhead, 
Regius professor of physic in Trinity College. The 
annual representative meeting will begin on July 21 
and will be continued on the following three week 
days in the Hall of the Royal Dublin Society, whore 
Professor Moorhead will deliver his presidential ad¬ 
dress on July 25. The clinical and scientific work is 
being divided among sixteen sections, which meet on 
the mornings of Wednesday, Thursday and Friday 
in Trinity College and University College. 

The fourth International Congress of Radiology 
will be held in Zurich, under the presidency of Pro¬ 
fessor H. R. Schinz, from July 24 to 31,1934. Mem¬ 
bership of the congress is confined to members of 
radiological societies and those introduced by such 
societies. The thirty-two countries which were repre¬ 
sented at the third congress in Paris have been in¬ 
vited by the organizing committee to appoint dele¬ 
gates to the international committee and to nominate 
a speaker to report on the organization of the cancer 
campaign in his country at the opening session. At 
the general meetings the following subjects will be 
treated: x-ray diagnosis of bone tumors, vasography, 
the development of pulmonary tuberculosis as seen 
radiologically, radiation treatment of uterus-carci¬ 
noma, radiation treatment of malignant tumors of the 
mouth and pharynx, radiation genetics, mitogenetic 
radiation (mitogenetischo strahlung), structure analy- 
sis, identical physical measurement of the dose in 
x-ray and radium treatment, hard gamma-rays, c-os- 
mio radiation, oorth-radiation, shortwave therapy 
(kurzwellentherapie). In addition the sections for 
x-ray diagnosis, radiotherapy, radiobiology, radio- 
physics and technic, electrology and heliotherapy will 
bold discussions and every member of the congress is 
entitled to present a communication. During the con¬ 
gress an exhibition of apparatus, photographical ao- 
eessories, chemical products and scientific l^oks will 
be on view. All radiological societies a3|r« requested to 
send as soon as possible a list of their members to the 


general secretary, Dr. H. E. Waither, aiariaattasae 
14, Zurich, 

The award of five Strathcona Fellowships for the 
investigation of transportation problems has been 
announced by Yale University. All five men have 
had previous railroad experience, two of them being 
third generation railroad men. The recipients of the 
fellowships are: Robert A. Emerson, Morden, Mani¬ 
toba; Stevenson Milne Gossage, Montreal; Thomas 
M. C. Martin, Warsaw, W^isconsin; Palmer E. Sav¬ 
age, Montreal, and Lyell R. Shellenbarger, Hopkins, 
Minnesota. The Strathcona fellowships were made 
possible by the bequest of Lord Strathcona, born 
Donald Alexander Smith, who came to Canada with 
the Hudson Bay Company and who is identified with 
the pioneer days of the railroad on this continent. 
He served in the Dominion House of Commons, be¬ 
came High Commissioner of Canada in 1896, and was 
raised to the peerage in 1897. In addition to the fel¬ 
lowships, Lord Stratheona^s will provided for two 
professorships at Yale devoted to the study of trans¬ 
portation, and for the erection of Strathcona Hall 
with its collocation of offices, classrooms and a spe¬ 
cial working library for students and instructors 
making transportation their major interest The 
Strathcona professorship of mechanical engineering 
is held by Professor Samuel W. Dudley, and the 
Strathcona professorship of engineering mechanics, 
by Professor Charles J, Tilden. 

The first specimens to be received of the new 
radium and silver ores of Great Bear Lake, Canada, 
by the Academy of Natural Sciences of Philadelphia, 
have been placed on exhibition. This discovery of 
pitchblende, the principal ore of radium, was made 
on the eastern shores of Groat Bear Lake, just below 
the Arctic Circle, by Gilbert LaBine in 1930. Asso¬ 
ciated with the pitchblende was much silver. The 
glaciated surface of one vein of silver was so wide 
as to rival the famous '^silver pavement” of Cobalt, 
Ontario. So remote is the district that airplanes are 
the chief method of reaching it and it then is ac¬ 
cessible only during a few months of the year. Sev¬ 
eral tons of pitchblende already have been produced, 
and are being reduced to radium at a plant just 
erected at Port Hope on Lake Ontario. A new and 
efficient process has been developed by the Canadian 
Bureau of Mines, which greatly cuts down the time 
needed to recover the radium. Supplementipg the 
exhibit are a large mass of silver from the Eldorado 
Gold Mines, at LaBine Point, Great Bear Lake; fold 
from Nova Scotia; labradorite from Labrador; 
asbestos from Quebec; fluorite from Ontario; and 
specimens of blue sodaHte and ul(M ore obtained on 
a recent expedition to Canada bj the Aeadeihy fit. 
Natural Sciences. . 
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DISCUSSION 


THE ATTRACTION OF A SPHERE 

It is surprising to find in Soiencb for April 14^ 
lfi33 (page 371), a denied of the well-estahlished 
theorem that under the Newtonian law of gravitation 
the attraction between two homogeneous spheres is the 
same as if the entire mass of each were concentrated 
at its center. Since the proof of this theorem, while 
entirely elementary, is often omitted in the text-books, 
it may be permitted to reproduce it here. 

Consider a thin spherical shell of radius a and sur¬ 
face density p, attracting a particle of mass m at 
distance c from the center. If the surface is regarded 
os generated by rotating a circle about the axis of x, 
as shown in the diagram, an element of are ds, rotat¬ 
ing through a small angle will generate an element 



of area yd^ds, which may be regarded as a particle 
whose mass is P yd^ds. 

According to the Newtonian law, the force exerted 
by this element on the particle m is G [tnpyd^ds] / 
{(c + x)* + y*]. This force is directed toward the ele¬ 
ment, and the component along the x-axis (which is all 
that concerns us) is obtained by multiplying by the 
cosine of the angle, namely, (c + x) / [(c + xl’ + y*]*. 
Hence, noting that yds^adx, and y* = a*-x®, the 
element of force along the x-axis is 


(o + x) [fltfnpad^x] / [c* + 2cx + a«]8/». 


Integrating from to ^=t2n, and then from 
x=:-a to x^a, we have os the total force acting on 
the particle m along the x-axis, 


F 



(p + x) Qm^Bjtadx 

[c* + 2fla + o»] V* 


(1) 


Now suppose that the mass of the attracting spheri¬ 
cal surface, namely were concentrated at a 

distance D from the particle m, where P is as yet 
undetermined. Then, by the Newtonian law, the force 
aetiag on the particle m would be 


Equating these values of F and F'f we have the 
foUowing equation for determining D: 

2a» /VI (<j + x) adx 

— = I -i- i - m 

[C* + 2(JX+02]8/2 

To evaluate this integral, make the substitution 
«= (c* + 2cx + a*)*, and note that when x = a, t = c + a, 
and when x = -a, t = (o“a[, where the vertical bars 
indicate the absolute value of c - a. Then we find 


2a8 a pC* a 


(1 + 


ca-a2 




)df. 


(3) 


Two oases must now be distinguished, according as 
the particle m is outside or inside the spherical shell. 

Case 1. If c> a, |c - a| = c - a, and we readily 
find 2a*/P® = (a/2c®) (4a), so that P = c. 

That is, the attraction of the spherical shell at an 
extemed point is exactly the same as if all its mass 
were concentrated at its center. 

Case 2. If c<a, |{j - a] = a - c, and we find 
2a^/P =s 0^ so that P is infinite. That is, the attraction 
of the shell at an interior point is zero. 

Finally, a solid sphere in which the density at any 
point is a function only of the distance of that point 
from the center, may be regarded as made up of a 
series of concentric homogeneous shells. Since each 
shell attraets pin external particle as if all its mass 
were oonoentrAted at its center, the same will be true 
of the sum of the shells. Hence we have the theorem: 

On the basis of the Newtonian law of the inverse 
square^ a homogeneous sphere^ or any sphere in which 
the density is a function only of the distance from the 
center, attracts an external particle exactly as if all 
the mass of the sphere were concentrated at its center. 

In view of the recent misunderstanding of this 
theorem, I trust that this reproduction of the stand¬ 
ard proof may not be wholly superfluous. 

Edward V. Huntington 

Harvard UNrvB&siTr 
April 18, 1933 


THE MOVEMENT OF DIFFUSIBLE SUB¬ 
STANCES IN FOOD PRODUCTS 

y 

Whbn fluids diflfuee through substances of capillary 
structure, they tend to carry solutes with them. 
Where water is the diffusing fluid, phenomena of 
hydrolysis, chemical reaction, selective adsorption and 
differential diffusion may become manifest.^ Ck>lioids 
may di^ffuse, albeit more slowly than crystailoids—a 

^ Simms Alexander, Jour, Am, Chem, Soc,, 39: 84* 
1917 j Boirkojb, 64: 74, 1921. 


= Om (ino^ p)/P* 



490 




fact explicitly stated by Tbomaa Graham, but often 
garbled or miastated. 

Where evaporation can take place at the exterior 
surfaces of the mass through 'which diffusion is oc¬ 
curring, there is a marked tendency for non-volatile 
sohites to accumulate at such surfaces.^ Some pos¬ 
sible consequences of this movement of diffusible sub¬ 
stances in agricultural operations have been pointed 
out, for plant food is carried with diffusion streams.® 

Since many of the operations whereby foods are 
prepared for consumption involve the evaporation of 
water from exposed surfaces {e,g., the baking of 
bread, ripening of fruits), it is obvious that various 
solutes may be separated or segregated to a greater 
or lesser extent in the process. This led mo to in¬ 
clude in a paper written several years ago, but still 
unpublished, a few remarks on “Skins and Crusts/' 
epitomized below. 

In discussing with Mr. Robert Whymper a paper 
he is about to read before a joint meeting of several 
chemical societies in New York (April 14), it devel¬ 
oped that his experimental results dealing with the 
processing of cacao beaus, illustrated this principle of 
diffusion. We therefore decided to entitle the paper: 
“The Movement of Diffusible Substances in Food 
Products. I. Preparation of Cacao,” with the ex-- 
pectation that it will be the first of a series of papers 
dealing with this aspect of food and their prepara¬ 
tion. 

Apart from the question of economy, skins and 
crusts are commonly reputed to be “healthy.” Chil¬ 
dren and adults are often urged to eat the skins of 
baked potatoes, for example. So far as I know, 
there have been no precise determinations as to what 
extent salts, vitamins and other diffusible substances 
accumulate in or near the surface layers of bread, 
potatoes, and the like; but it seems extremely likely 
that cooking would result in some marked degree 
segregation of solutes, which would tend to persist 
for some time after the cessation of active surface 
evaporation. 

Bechbold showed that plaster of Paris bricks,” 
soaked in copper sulfate solution and then dried, had 
practically all the copper salt at or near their ex¬ 
posed surfaces, although when wet they were blue 
clear through. The slow accumulation of salts at the 
exposed surfaces of ordinary building bricks is 
known to every one, for it so often constitutes an 
eyesore. Mr. Whymper has called my attention to 
the fact that genuine mummy wheat from Egyptian 
tombs contains on the average only about 0.7 per 
cent, of salts, whereas the usual average for wheat to- 

«H. Bechhold, Kolloid ZeitschHfi, 27; 299, 1920; W. 
Kraus, ibid,, 28: 161, 1921. 

* Jerome Alexander, Sciknge, loc, cit, and 66: 196, 
1922. 
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day YB about 2 per cent. Some old samples from 
Bothamsted Experimental Station (Harpenden, 
Herts., England) showed the following: 

Sample of wheat dating from 1852. 0.90 % salts 

“ “ 1868 . 0.83 % 

“ 1864. 1.14 % ** 

Presumably, as moisture is absorbed and given up 
by the wheat kernel, there is a slow accumulation of 
salts on the exterior, and much of this extruded salt 
falls or is rubbed off, thus decreasing the content re¬ 
maining in the grain itself.^ 

A study must be made of many of the common 
practises of the kitchen, which are generally based on 
sound Bcientifiio foundations, even though this be un¬ 
known to cooks or to scientists. Vegetable soups 
(minestra), and “pot likker (popular in the South), 
contain valuable solutes, and braised or steamed vege¬ 
table would seem to be more desirable than vegetable 
drained from the water in which it was boiled; for 
this water, thrown into the sink, contains salts, 
vitamins and other valuable extractives. 

Jerome ALEXiNDsa 

New Yore City 

A LOUSE FEEDING ON THE BLOOD OF ITS 
HOST 

That any Mallophagan can actively remove blood 
from its host and thus warrant consideration as a pos¬ 
sible vector or intermediate host of organisms caus¬ 
ing avian disease has been extensively denied. 

This writer, while recently studying poultry lice at 
Cornell University, observed individuals of Menopon 
atranUneum Nitzsch. running about on the skin of a 
white fowl and showing a pigmented substance in the 
crop, indicative of blood. That this was not obtained 
from clots from accidental injuries to the host was 
strongly suggested by the finding of an individual, 
showing blood in the alimentary tract, with mandibles 
deeply sunken in the quill of a young feather from 
which the dermal papilla, bearing blood vessels, had 
not yet withdrawn. On the removal of the louse blood 
flowed from the wound. The injury appeared as if 
two holes, one for each mandible, had been pierced in 
the quill and then the partition separating them cut 
out. Examination of the quill showed many scars of 
the same type of wound as the one from which the 
louse had been removed. The unfolding barbs showed 
still older scars, suggesting that this type of feeding 
was habitual. The louse and feather were removed 
and preserved. 

Similar observations by others working with poultry 
lice are awaited with interest. 

. P. H. WiLSOK . 

Tulanb Uhivebbitt 

4B. Whymper, <<Knowledge,” 86 : 85-138, 1918. 
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HAIL PRINTS AND MUDXRACK8 OP 
PROTEROZOIC AGE 

Ok page 679 of the aeoond part (1932) of his 
“Treatise on Sedimentation,” Professor W. H. Twen- 
hofel calls attention to the fact that geologists have 
neglected to record hail prints in rocks more ancient 
than the Tiiassic. 

Apparent hail prints, with deep pits and eleva¬ 
tions opposite the side of impact, occnr in the 
Proterozoic Beltian rocks of Glacier National Park. 
They are commonest in the basal (Rising Wolf) and 
uppermost (Rising Bull) members of the Grinnell 
formation, in the Bighorn Basin of the Two Medicine 
Valley, and at the western foot of Qunsight Pass. 
They also occur in Hole-in4he-Wal] and Kintla 
quartzites in the Boulder Pass district, in the north¬ 
western part of the park. 

Twenhofel also remarks (page 686) that the com¬ 
monly assumed three cracks, radiating from a center, 
seem to be the exception among mud-crack patterns. 
They are; but such cracks are common in the Rising 
Bull member in the Two Medicine Valley, and appear 
in other shallow water formations throughout Glacier 
National Park, generally being preserved as sand 
dllings in argillite. We have observed similar cracks 
in sandy shales of late Medina (Silurian) age in the 
Niagara Gorge near Lewiston, New York. Specimens 
are in the collections of the Buffalo Museum of 
Sdenee. 

CAEROiiL Lanjd Fenton 
Mildred Adams Fenton 

West Libbett, Iowa 

THE NEED OF OPPORTUNITY FOR 
EXCEPTIONAL ABILITY 

Professor L. W. Stb»n, of the University of Ham¬ 
burg, president of the German Psychological Associa¬ 
tion; Professor Gustav Kafka, of the Dresden Insti¬ 
tute of Technology, secretary, and Professor David 
Katz, of the University of Rostock, member of the 
council, have been compelled by their colleagues to 
resign offices which indicate the high standing of 
Jews in the intellectual life of Germany. Professor 
Felix Krueger, the sueoessor of Wilhelm Wundt at 
Leipzig, has been elected president of the association, 
Mi the place of meeting has been changed from 
Dresden to Leipzig. 

Shortly after the conclusion of the war I wrote to 
JPxofessor Kmeger proposing that the International 
Oongreis of Psychology meet in America to max^ the 
friendly relations of the psychologists of the world,^ 

i It should be put on record that at a meeting held in 
Ffaiiadelphia in August, 1917, of the Psychology Commit- 
‘t0O of the KatlonalBeseareh Oouneil (which acoompUshed 
sbfiii useful service for the govemment during the war) 
I psf^posed the follow^ resolution which, as I remember 
.it, wiM imaaiiuutt^ approved: 


but he opposed the plan. The congress was in fact 
held at Oxford in 1923, it having been the first inter¬ 
national congress after the war (though the physiolo¬ 
gists met the same summer); Professor Krueger 
advised German psychologists not to attend. He did 
not go to the congress held in Copenhagen last sum¬ 
mer and refused to invite the next congress to meet 
at Leipzig; as Professor Kohler did not want us at 
Berlin, an invitation from Madrid was accepted. 

The announcement to members of the German 
Psychological Association of the meeting to be held 
in Leipzig in October, signed by Professor Krueger, 
is more nearly what might be expected in Soviet 
Russia or in Italy than in Germany. Its rhetoric is 
not easy to translate, so I quote: 

Die Erinnerung an Wilhelm Wundt, den Hundertjkhr- 
igon, paart sich hierboi mit der Zuversicht, das die 
doutsche Psychologle in lobonsvoUem Zusammenhange mit 
Hirer ruhmreicben Vergangenheit stotig und entschieden 
vorwkrts sehrelten wird. An aUe Mitglieder riefatet der 
Vorstand die Bitte, sich dahin zu verelnigon, das die 
Jjeipsiger Tagiing oinon Vcrlauf nehme, wie ibn die 
WUrde der Wissenaebaft und die bohon Aufgaben unserer 
Gesellschaft erfordorn. Aus den Umwalzungen der 
gegenwiilrtigen Zeit soil die Deutsche Gesellschaft fur 
Psychologie, durch Gomeinschaftskrifto innerlich ver- 
bunden, neu gofeatigt bervorgeben. 

Die bisbor vorgesehenen Sammelreferate bleiben in 
Kraft. Btwaige Anderungen oder Erganzungen des 
ubrigen Programms aollcn vornehmlicb die Riebtung auf 
Fragen der f^ersdnlichheitsforschung nehmen. Zugleich 
soil die praktisohe Bedoutung der Psychologie fiir Kern- 
fragen des gegenwUrtigen deutseben Lebens gebiihreud 
zu ihrem Recbte kommen. 

It will be noted that stress is laid on work on the 
problems of individual differences and on the prac¬ 
tical applications of psychology in the service of the 
new political and social developments in Germany. 
It is a curious circumstance that I made in Leipzig 
now nearly fifty years ago the first measurements of 
individual differences and carried out the first quanti¬ 
tative work in applied psychology. Wundt was so 
much opposed to these experiments that I could not 
continue them in his laboratory, but was compelled 
to purchase the needed apparatus and set it up in 
my own rooms. As late as 1921 when I wrote to 

Whereas, the President of the^nited States has stated 
that there is no quarrel and should be no ill-feeling be¬ 
tween the people of the United States and the peo]^e of 
Germany; 

Beeolved, that the Psychology Committee of the Na¬ 
tional Research Connell places on record its appreciation 
of the wisdom of the President’s expression of good-wilL 
We reeofi^ze our obligations to the Qerman nmvendties 
and the great men who have led in the development of 
peyeholoi^. We trust that an early peace may be estab- 
liimed and that we may sCon again be able to cooperate 
vrith German and Austrian psychologists in tiie advance¬ 
ment and in the useful appUoations of our science. 
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Professor Elrueger in regard to the Psychologioal 
Corporation, whioh we were establishing to advanoe 
the applications of psychology and to place research 
on an economic basis, he objected emphatically to 
such uses of psychology. 

It should, however, be realized that we are not in a 
position to cast the first stone at our German col¬ 
leagues. Communists are as anathema here as there. 
Jews are not treated on terms of equality, eitlier as 
teachers or as students, in our eastern universities. 
The president of the largest of them is said to have 
given the instruction: “Do not exclude any student 
because he is a Jew, but do not admit any Jew if it 
can be helped.” Twenty years ago I was compelled 
to resign from the Century Club because 1 had ob¬ 
jected to the exclusion of Jacques Loeb, one of the 
world's most distinguished biologists. Professor Ed¬ 
win E. A. Soligman, the prominent economist, had 
also been blackballed, and there were in addition to 
Loeb three other members of the National Academy 
of Sciences ineligible to membership through race. 
Yet the Century Club has now brought action in the 
courts to obtain exemption from taxation on the 
ground that it is not a social club but an institution 
devoted to literature, art and science.® 

We have in America a great race, brought here by 
force and forming 10 per cent, of the population, 
to which wo do not give political, legal, social or 
economic equality. Wo are in no position to play the 
part of Phansees, but wo can try to better the situa¬ 
tion by giving opportunity to those of exceptional 
ability who are unable to continue their work else¬ 
where. In 1910 (Science, November 4) I wrote: 

There were 126 foreign-bom men of science on the 
list of 1903. While the majority came to this country 


before attaining celentific reputation, a large number 
were called from Canada, Great Britain, Germany and 
other countries to fill positions in our universities, of 
whom seven were among our leading hundred men of 
science. The members of this group have added greatly 
to the scientific strength of the country, not only by the 
research that they have accomplished, but also because 
they have brought familiarity with the educational meth¬ 
ods of other nations, and high ideals of scholarship and 
of the dignity of the career of the scientific man and 
university professor. It is surprising and truly most 
unfortunate that while nine leading foreign men of 
soienco have returned to their native countries during 
the past seven years, only one has come to America- 
one Bciontiflc man among seven million immigrants. 
There is no way by which the abundant wealth of the 
country could be used to greater advantage than by 
bringing to it men of promise and men of distinction. 

Psychologically we seem not to have abundant 
wealth just now; but materially we are far richer than 
we were in 1010. The market value of stocks and 
bonds has increased by billions of dollars in the 
course of the past couple of weeks. Why not take 
by taxation one of these billions and endow in 
perpetuity 5,000 of the ablest scientific men of the 
world with $200,000 eachf It would be the most 
profitable investment ever made. 

We have fallen from the high estate when our 
country offered a refuge to the oppressed of all 
nations. We have not, however, completely forgotten 
what we owe to Puritans and Quakers, to refugees 
from Germany as recently as eighty years ago. Can 
we not now provide for those of exceptional ability 
who, owing to race or political views, are unable to 
do at home work of value to the whole worldt 

J. McKesn Cattell 
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QUOTATIONS 


THE SITUATION OF JEWISH SCIENTIFIC 
MEN AND PHYSICIANS IN GERMANY 

The political significance of Nazi revolutionary 
supremacy under Herr Hitler in Germany is outside 
our field; but the treatment of the Jewish learned 
and professional classes stands condemned in the eyes 
of the intellectual world. It is a relapse to the crass 
repression of the Germany of Heine’s day and the 
Judenhetze of Prussia fifty years ago. An outstand¬ 
ing case is the resignation by Professor James 
Pranck, Nobel prizeman with G. Hertz for physics in 
1925, of his chair in experimental physics in the Uni- 

iThis note may go too far in the direction of auto¬ 
biography, but illustrations can best be drawn from per¬ 
sonal experiences, which have not been lacking. When I 
have been asked by publishing houses to write an auto¬ 
biography, I have replied that it would give them too 
many Hbel suits. 


versity of Gottingen. Professor Pranck, it is said, 
probably would have been spared the forced retire¬ 
ment'now operative against Jewish officials, including 
university professors; but he feels that Germans of. 
Jewish descent are being treated as foreignen and 
foes of the Fatherland, and asks to be releaaed from ^ 
his office. Professor Franck served with distine(ioii 
during the war and received the Iron Cross of the 
First Class. His action follows fittingly on the retL^ 
ment of Professor A. Einstein from Germany, and is 
the logical, indeed the only, reply for a man of his 
standing to the acts by which Jews axe being ejcchided 
from the liberal professions and debarred from 
universities. This is the achievSmeiit of a movement 
which, ever since war, has sought to mould the . 
German people to one pan-Teutotiic I 
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mti with neither the facts nor the eonolnsionfi of 
ethnology. In the denial of a part in Ckrmanic cul¬ 
ture to any element alleged to be foreign^ Jews, lib¬ 
erals and socialists are to be treated alike; but Jews 
have suffered most. 

The Jewish people need no one to hold a brief on 
their behalf. The contribution of the Jews to the 
growth of civilization in the Western world speaks 
for itself. There were Jews in Germany in Roman 
times, and wherever they were found in medieval 
Europe, in spite of, or perhaps because of, their dis¬ 
abilities, they were laying the foundations upon 
which the modem system of finance and commerce 
was built up. In Italy as bankers, they rivaled the 
great houses of Lombardy. In the liberal arts, the 
preservation of much of classical literature and phi¬ 
losophy was due to them. In the later Middle Ages 
they were largely responsible for the reputation of 
Spain as a center of intellectual and scientific develop¬ 
ment. In the middle of the eighteenth century the 
revival of Jewish learning, which had Mendelssohn 
for its inspiration and leader, paved the way for the 
Jewish people to take its place in the intellectual life 
of the respective countries of their adoption as their 
disabilities were gradually removed, so that Bunsen 
could say that in the German universities of his day 
the greater number of the principal professors were 
Jews. Everywhere the Jews have won to preemi¬ 
nence in literature, in the arts, especially music, and 
the drama. Even if it were not admitted that the 
Jews had contributed to Germanic culture—a conten¬ 
tion which could not be accepted without argument- 
in the world of learning and science it is to men such 
as Oppert, the classical scholar, Benfey, the Oriental¬ 
ist, and Heinrich Hertz, the physicist, to take three 
names only, selected almost at random, that she owes 
her international standing, just as much as to any of 
her sons of purest German stock.— 

.News items appearing in the issues of the Munch- 
ener medisinkohe Wochenachrift and the Deutsche 
mediziniaoke Wochenachrift for the weeks of April 7 
to April 21, inclusive, indicate the following actions in 
Germany against Jewish and other foreign physicians: 

An ordinance of the Prussian Ministry of the In¬ 
terior of Match 29 states that foreigners, even those 
who received their preliminaiy education in Germany, 
can no longer count on receiving licenses to practise 
in Gtermanyv 

Control of the five largest associations in charge of 
li^A^tess msuronce has been placed under the federal 
ministry of labor. 

^ Or. Gerhard Wagner, Monioh, first chairman of the 
Natioiial Socialist German Physicians’ Organization, 
noniinated Commissioner of the National 


Iliysieians’ Organizations, of the Association of Ger¬ 
man Physicians and of the German Alliance of Phy¬ 
sicians’ Societies. 

The Supreme German Medical Societies {Die 
deutechen firztiiohen Spitzenverbande) gave out the 
following ordinance in accordance with their commifi- 
sar, Dr. Gerhard Wagner (first chairman of the 
National Socialist Physicians’ Union): 

In execution of their resolution to adhere to the spirit 
and form of the medical societies of the new order, the 
directors of the Aerztevereinsbund and the Hartmann- 
bund ask their members, with the advancement of Ger¬ 
man medicine in mind, to take pains immediately to dis¬ 
miss from committees and boards of directors all Jewish 
members; all colleagues who can not conscientiously ad¬ 
here to the new order must be replaced. 

Through tho directors of the sickness insurance soeie- 
ties it is to be impressed in turn on the directors of the 
sickness insurance companies and insurance organiza¬ 
tions, officials and superintendonts to replace immediately 
Jewish and Marxist confidential consultants. 

Da. Stxujdbo. 

I decree that tho foregoing regulation be immediately 
enforced and notification thereof sent mo. 

Da. WxoNaa. 

Dr. Frank, surgeon and member of the board of 
health, director of the hospital at Fiirth, was taken 
in protective arrest. He was replaced by the internist 
Professor Weigeldt, Dr. Sponheimer, superintendent 
surgeon, was granted leave of absence. 

The Universities of Leipzig and Bavaria have de¬ 
creed that no member of tho Jewish race will be per¬ 
mitted to matriculate in medicine for the next ten 
semesters. Enrolment of students for the study of 
medicine at the University of Munich is to be cut 
down to 345, at Wiirzburg to 130, and at Erlangen 
to 98. Under the terms of these regulations, any one 
who had one parent or one grandparent of Jewish 
race is considered Jewish. 

The annual session of the German Society for In¬ 
ternal Medicine was scheduled to meet this spring 
under the presidency of Professor Lichtwitz of Ber¬ 
lin. He resigned from his office and was replaced 
by Professor A. Schittenhelm, of Kiel. At the forty- 
fifth Congress of Internal M^icine in Wiesbaden, Dr. 
Schittenhelm, successor to Dr. Lichtwitz, stated that 
differentiation must be made between old settled 
German-Jewish families of high culture and recently 
arrived eastern Jewish elements, since it is only the 
latter who bring about a racial taint by intermarriage 
with* Germans. ^^Men like Ehrlich, Neiaser, Min¬ 
kowski and Wassermann,” he said, “should be given 
great respect by German physicians and people of 
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their talent wotdd in the future undoubtedly be able 
to Bueoeed in Germany.’^ 

In Baden, all Jewish physicians have been dismissed 
from the public health service and from the sickness 
insurance organization. In the hospitals they are per¬ 
mitted to treat only Jewish patients and to perform 
postmortem examinations only on Jewish patients who 
have died. A similar regulation has been established 
in Munich. 

In Munich, S. Obondorfer and 0. Neubauer re¬ 
quested a leave of absence from the Schwabing Hos¬ 
pital. The following Jewish physicians of the main 
office of public health in Berlin were given leave of 
absence: Professor Seligmann, Drs. Borinski, Cohn, 
Wolff, Nussbaum and others. The Jewish physician- 
in-chief of the cripple welfare station VII in Char- 


77, Sa 

lottenburg, Dr. Bdhm, was replaced by Dr. Kniekamp 
of the orthopedic clinic. 

The business director of the Berlin ambulatory 
clinic, Max Edel, and Dr. Friedeberger were placed 
under protective arrest. 

The editor of the Deutsches Aersteblatt, San.-Rat. 
Vollman, was given a leave of absence by the chair- 
man of the Deutscher Aerztevereinsbund. Dr. K. 
Walder, of Potsdam, takes his place. 

The Committee on Therapeutics of the German Na¬ 
tional Society of Physicians has made public a list of 
pharmaceutic preparations manufactured by concerns 
under Jewish ownership or control with the request 
that physicians in general do not prescribe such 
preparations.— Journal of the American Medical As¬ 
sociation. 
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The Woods Hole Oceanographic Institution; Henet 
B. Bigelow. A report is presented to the academy on 
the history and present activities of the Woods Hole 
Oceanographic Institution, giving the events leading to 
the establishment of the institution; reasons for the 
choice of Woods Hole for the site for its headquarters; 
descriptions of the laboratory, of the scientific equip¬ 
ment and of the research ship Atlantis; the general 
organization, staff, facilities for visiting investigators, 
cooperation with other institutions and plans for publi¬ 
cation; the reasons for adopting a directed and coordi¬ 
nated program of research; and a summary of investi¬ 
gations now in progress and of the cruises of Atlantis. 

The beannp of genetics on the theory of evolution: 
Thomas Hunt Moeoan. 

Phenomena associated mth cosmic rays: W. F. G. 
Bwann (by invitation). Certain of the investigations in 
progress at the Bortol Research Foundation in the field 
of cosmic rays have been summarized by the author and 
in particular the following were described; (1) Obser¬ 
vations of cosmic ray atomic disintegration made simul¬ 
taneously by ionization methods and by counter methods. 
(2) Experiments dealing with the detection of individual 
cosmic rays by direct measurement of the ionization 
which they produce. These experiments lead to the de¬ 
termination of the ionization per centimeter of path in 
different gases. (3) Certain possibilities as to the origin 
of cosmic ray energies, particularly In relation to the 
origin of electronic cosmic ray energies as a result of 
electric fields produced by electromagnetic induction in 
the stars. (4) Observations on electrostatic deflection of 
secondary cosmic rays. 

Cosmic ray intensities in the stratosphere : I, S. Bowem 
and B. A. Millikan. By sending up recording eleb- 
troseopes, barographs and thermometers with the aid of 


sounding balloons in accordance with the technique which 
we first used in 1922, we have, during the past summer, 
made three successful flights, one of which reached an 
altitude at which the pressure had fallen to 16 milli¬ 
meters of mercury—about 99% of the way to the top 
of the atmosphere—a second flight reached a height of 
21 kilometers and the third the height of 16 kilometers. 
On two of these flights we obtained reliable records of 
the cosmic ray intensities as a function of altitude up 
to 16 kilometers, 02% of the way to the top by weight. 
At this altitude the cosmic ray intensities are approxi¬ 
mately 109 times greater than at sea-level, and the in¬ 
tensity altitude curve is of such a shape as to indicate 
that the rays entering the atmosphere have not yet got 
into equilibrium witli their secondaries. Three flights 
thus far made, two by ourselves and one by Begener, are 
in reasonably good agreement. 

The penetrating power of cosmic rays as a funoiion of 
altitude: B. A. Millikan and H. V. Nehee. We have 
made accurate airplane observations with our new elec¬ 
troscopes, BO designed as to give as aocarate readings on 
moving platforms as in a laboratory, reaching altitudes 
above 29,000 feet. Up to this altitude we have taken 
readings both without lead shields and with a lead shield, 
and have thus obtained direct measurement of the pene¬ 
trating power of the cosmic rays existing in different 
levels. These rays show a rapid softening with altitude, 
and essentially the same softening In temperate latitudes 
as in equatorial latitudes. The observed behavior seems 
to us to be best interpreted In terms of ooainie ray |flioton 
bands of widely differing penetrating power, the less 
penetrating bands coming into play at the higher alti¬ 
tudes. 

The magneio^iie method of analysis and some rseeat 
applications: Feed Auw>k (introduced by Arthur L. 
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A v«f 7 oatUiie U Urm ^ tiM tdafiMto- 
UMthtod of moAtfiAB, the ei^aretue luid iti nenlpu- 
HfikuL The method ^teote eompouadf of both inorgaeie 
and evganie subetanoeii. It hae proved iUelf a tool of 
value in certain problems in qualitative and quantitative 
analyiiBf partieolarly those coneeraed with compounds 
existing in verj small ooncentrationsi the sensitivity 
being of tl^e order of several parts la lOn and the results 
being unatfeeted by the presence of foreign materials. 
ObservatioQM are made on minima of light intensity, the 
scale readings of which are eharaeteristie of the com¬ 
pounds and are measures of differential time lags in the 
reaction Of the compounds to the applied magnetic delds. 
The time lags are functione of the combining w^hte of 
both the cation and the anion. The method determines 
the number and the order of abundance of the isotopes 
of the cation but not of the anion. The scale readings 
are reproducible by the same and different observers 
(including the work during the past five years of some 
fifteen observers on the same and different sets of ap¬ 
paratus) to within about 3 mm, corresponding to 0.01 
scale division and to a time lag of lO-i^ sec., while quan¬ 
titative roBuits can be obtained within an error of 10 
per cent. The more recent progrees of the work is de¬ 
scribed, namely, the isotopic constitution of some of the 
radioactive elements; the isotopes of beryllium and sine; 
a slight temperature effect on sensitivity; and investi¬ 
gations on the problem of mutual isotopic influence. 
Mention is made of a new quantitative technique devel¬ 
oped by Professor £. B. Bishop and her students and 
also of the application of the method to a problem in 
pfaototiyniheBis by Dr. A. L. Sommer. 

The dieeovery of the free positvve electron: Oabl D. 
AMixnuKUr (introduced by Bobert A. Millikan)« During 
a systematic study by means of a veriioal Wilson cloud- 
chamber of the high energy particles associated with the 
cosmic vadiatLon, evidence was uncovered which led to 
the strikiag conclusion that the free positive electron, 
heretofore unknown, was present among the eoemic-ray 
particles. By placing a horisontal lead plate across the 
center of the cloud-chamber for the purpose of studying 
the interactiofn of cosmic-ray partides with matter, pho¬ 
tographs were obtained which could be interpreted 
logically only on the basiB of the existence of a particle 
with positive charge of a nEiagnitode loss than twice that 
of Ihs etoetron and probably exactly equal to it, and a 
mass comparable to Umt of the frse nsgative electron. 
Prom the oeeurrence of the frse positive electrons with 
gronps of other traoks it is eoaeluded that they result 
from dUiiitegration of atomic mmUL The term positron 
is suggested to denote the free positive electron when it 
oecnrs anaseociated with a mass of atomic magnitude. 
The ebud^duunbiif# planned in the summer of 1930 by 
Praleisar B; A Millikan and the writer, operates in a 
dpifom magnetic Add up to ganss. llxposuree 

are antomai^^aUy taken at ^ ni^ of one ih 14 seconds, 
of totijS of about exposures, l,4flQ pkoto- 

of ebsmio-ray traoks have bean obtabmd, erfaieh 
iliiva ytsdiod ibe follotvlng facts. Bavtides of both 

about equal num* 


bers. Their energies range from above a billion volts 
in a few cases down to energies of a few million volts 
and last. Oroups of associated tracks of both positive 
and ncgatitve particles occur (in our photographs as many 
as 12 tracks on one photograph) indicating the disin¬ 
tegration of atomic nuclei by the cosmic-radiation; the 
detailed mechanics of the absorption of the cosmic- 
radiation is very complex and at present not clearly 
understood. P. M. S. Blackett and G. Ochialini, using 
an automatio (tube-counter controlled) cloud-chamber, 
have obtained additional evidence for the existence of 
the free positive electron. 

BenU-conduotore and their eleeirieal pfbpertiea: R. H. 
Fowloe. By invitation. 

Perfect quality and auditory perspective in the trans’ 
mission and reproduction of music: F. B. JxwiCTT. 
[Printed in SciXNC® for May 12.] 

Sadioaotiviiy and the light nuclei: B. M. Lanoer and 
K. W. Ramp (introduced by Bobert A, Millikan). The 
fact that the beryllium atom is unstable and disin¬ 
tegrates spontaneously is now established on the basis of 
the following evidence: (1) Purified Be metal in an 
ionisation chamber produces a current which is about 
two times as great as that supplied by the thorium 
family contamination and a hundred times as great as 
that of the radium family contamination. The Ba and 
Th measurements were made with the double chamber 
emanation method capable of detecting an alpha activity 
one hundred times smaUor than that shown by the Be. 
(2) The range of the particles, assumed to be alpha 
rays, is about ofe centimeter, according to A1 foil mea¬ 
surements. This range is decidedly shorter than that 
of any possible contamination. (3) The helium content 
of beryllium minerals is out of proportion to the uranium 
and thorium content, but is quite consistent with the 
rate of decomposition which we have estimated with 
ionization chamber methods. (4) The excess in mass of 
Be, over the mass of two helium atoms and a neutron 
indicates ,on very general grounds that it is unstable. 
If the enrrent theory of alpha-particle dlsintogratlon is 
applied to the case of Be,, one finds a decay rate over 
times larger than that observed. However, this 
theory is not a general quantmn mechanical deduction 
but depends on a model which pictures the nucleus as a 
composite of alpha particles. Apparently we must con¬ 
clude that the Be nucleus is not composed of alpha par¬ 
ticles. This is quite in accord with the modern theory 
of nuclear structure, which has had considerable success 
with the hypothesis that the stsnctural units of the 
nucleus an the proton and the neutron. 

An ionisation spectrometer for long wave-length x-rays: 
F. K. BioKTRTiai and 8. Kaufuak. Mach of our knowl¬ 
edge ef the x-ray spectrum in the region of wave-lengths 
longer than 1.5 Angstroms comes from photographic 
measuremgnta. However accurate may be the values of 
the wave-leng8is of i^ectnnn lines determined by photo¬ 
graphic means, such measurements are not very trust¬ 
worthy in determining the idiapes and relative intensities 
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of lines and in meaBuremente which involve the determina¬ 
tion of x-ray energy. Because of the many problemB 
awaiting study in the long wave-length x-ray region, we 
have adapted the Siegbahn high-vacuum Bpoctrometer for 
ionization meaBuremeAts, using the usual single crystal 
method. The easily attainable resolving power is such 
as to give observed widths of the K a lines of Cu(29) 
only a few per cent, wider than when measured by a 
two-crystal instrument. There seems to be no difficulty 
in using this instrument to make ionization-chambor mea¬ 
surements up to 5 or 6 Angstroms, or longer. 

A test of thfi J * momentum transfer^' theory of accom¬ 
modation oocfftcients of ions at cathodes: K. T. COMFPON 
and £. S. Lamar. In a recent paper, read before the 
National Academy of Sciences, it was suggested that the 
accommodation coefficient for positive gas ions on a 
metal cathode should be less than unity only if the mass 
of the metal atom exceeds that of the ion. In order to 
test Uiis hypothesis, experiments already reported for 
helium ions on molybdenum have been continued for 
argon ions on molybdenum and on aluminium. The 
cathode to be studied was the molybdenum or aluminium 
bob of a glass pendulum, whose deflection gave a mea¬ 
sure of the pressure acting, and was immersed in the 
positive column of a low' voltage argon arc. The pres¬ 
sures on the cathode were due to the recoil of those ions 
which retain some of tlieir kinetic energy after neu¬ 
tralization and to radiometric efCecta resulting from 
heating of the cathode by ion bombardment. From an 
analysis of the data, it was possible to compute an 
accommodation coefficient for the positive ions. The 
results indicate an accommodation coefficient of about 
.79 for argon ions on molybdenum, and an accommoda¬ 
tion coefficient of unity on aluminium. 

Evidence that acvdosis is not caused by acids: YandELL 
HENUKRsaN and Leon A. Greenbero. In recent years 
acidosis has been one of the most largely discussed topics 
in relation to illness. This condition, or group of con¬ 
ditions, IB important. But the explanation that is now 
generally accepted is shown by the investigations to be 
reported in this communication to be erroneous. It is 
now supposed that the condition called acidosis arises 
from an excessive formation of acids in the body. This 
increased formation of acids is supposed to explain the 
great decrease of sodium bicarbonate and other alkalies 
in the blood. The acid chiefly concerned is lactic acid. 
The amount of this organic acid is increased under 
severe deficiency of oxygen, as in carbon monoxide 
poisoning, in which an asphyxial **acidosis*' develops. 
It has recently been shown by Lundsgaard in Denmark 
that animals which are given a small dose of the drug 
monoiodoacetic acid are rendered incapable of producing 
lactic acid. Accordingly, in the investigations to be 
reported to the academy animals wore first treated with 
this drug, and then subjected to such conditions (defi¬ 
ciency of oxygen) as have been found to induce a state 
of so-called acidosis. Tlie result was that all the features 
of that state, particularly the diminution of bicarbonates 
in the blood, were developed, bfit without the formation 


of any increased amount of lactic acid. The conclusion 
that the state colled **acidosis*’ is not due to intoxlea- 
tion by excessive formation of acid in the body is in 
accord with the fact that the administsation of alkalies 
to patients with acidosis, as in diabetes, has not been 
found beneficial and has been generally abandoned. The 
theory that acidosis** is intoxication by acid is an 
apparently logical deduction from the conception now 
prevailing as to the nature of the acid base equilibrium 
of the blood. It is, however, definitely contradicted by 
facts, and some other theory will have to be developed. 

Cellular reactions to lipoids from acid fast organisms: 
FiAmENCE B. Sabin and Kenneth C. Smithburn. The 
lipoids in acid-fast organisms can be separated into three 
classes, pbosphatides, fatty acids and wox-Uke materials. 
The pbosphatides are an important factor In the produc¬ 
tion of the lesions of tuberculosis. They are readily 
dispersed in water, a property which makes it easy to 
test their biological reactions. They are phagocytized 
by monocytes which, in dealing with them, become epi¬ 
thelioid cells. The fatty adds, represented largely in 
the acetone-soluble material, stimulate all types of con¬ 
nective tissue cells, cause vascular dilatation and hemor¬ 
rhage and induce adhesions. The wax-like materials have 
long been considered of great importance because they 
are responsible for the acid-fastnoss of the organisms. 
The wax-like material of the human tubercle bacillus is 
an alcohol, C^H,(to 04 ; the corresponding material from 
an acid-fast organism isolated from a case of leprosy 
is a glyceride. These materials can not be wet with 
water, a property which may account for the fact that 
the cells deal with them in a manner different from 
phagocytosis. The purified substances injected in tlie 
form of a dry powder cause a multiplication of young 
connective tissue cells around the particles. These cells 
are simpler than monocytes and show no signs of being 
able to phagocytize the wax-like material, but rather they 
fuse to make foreign body giant cells to surround it. 
There are then signs of a change in the material which, 
at first opaque and granular, bocoracs globular and trans-^ 
lucent. If the phosphatide has not been completely re¬ 
moved from the material injected, the monocytes are able 
to separate it from the wax. These cells then show signs 
of phagocytosis and become epithelioid cells. Since a 
single lipoidal substance gives only one type of cellular 
reaction, the biological tests offer a chock on the degree 
of separation of the lipoids. Although foreign body 
giant cells occur in tuberculosis, it is probable that they > 
are an accessory phenomenon in the progress of the dis-^ 
ease and that the wax-like materials by which they are 
produced may be classified as biologically inert. 

(To he coneliided) 
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PRELIMINARY REPORT ON THE YALE NORTH 
INDIA EXPEDITION 

By Dr. H. DE TERRA 

VALE UNlVEReiTT 


Scope op the Expedition Plan 
The idea that geological and biological soiencea may 
support each other in research on related problems 
may at first appear strange, especially if they are 
supposed to cooperate in a task of exploration in n 
region so little known as the Himalayas. However, 
for me, who had explored formerly as a geologist in 
western Central Asia and northern li^dia, it seemed 
^ quite obvious that a study of fresh-water life in these 
highly elevated mountain ranges would help to throw 
new light on the geographical conditions of the 
Himalayas during the Pleistocene and postglacial 
p^ioda For it was in comparatively young geo- 
Idjgieal times that the Tibetan plateaus and the adjoin¬ 
ing MghDonds Were nplifted to form the ^'Roof of the 
' and it was to be eicpected to find a peculiar 

ebaracter with ende^ forms which would 
. hxmsi relatioiiB to Central Asia or to India. 
;!^,|^lugi^ work was td foouhed on the study 
diastrophie events which resUlte^ in the 


earth’s highest mountain structure, north of peninsu¬ 
lar India. Investigation of such a wide scope which 
was to be carried out on difficult territory required 
careful selection of particularly promising mountain 
sectors. These were to be found in Kashmir proper, 
where a thick Pleistocene sequence of strata in a 
structural basin could funiisb evidence on Pleistocene 
orogeny. On the other hand, the eastern Karakoram, 
north of the Himalayas, seemed to be most profitable 
for an investigation of the structural outlines of this 
northern neighbor of the Himalayas. Geomorphologi- 
cal observations were to support the structural studies. 
A topographical survey was to facilitate this work. 
Finally, there was a good chance for collecting verte¬ 
brate fossili^ in the richly fossilifei'ous Siwalik forma¬ 
tions south of the Himalayas. 

Owing to the great interest which this plan of 
mine found at Yale, and thanks to the kind support 
it received by its President, of Professor Ch. W. 
Warren, dean of Sheffield Scientific School, of Pro- 
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fesBors R. 8. Lull and E. G. Harrison, 1 could start 
with the held work on March 1, 1932. 

The biological work had been entrusted to Mr. E. 
G. Hutchinson, assistant professor of biology at 
Yale; the paleontological collecting to Mr. G. E. 
Jjewis, of the Peabody Museum at New Haven. Tem¬ 
porary additional members of the staif were: Mr. 
A. M. N. Ghosh, of the Geological Survey of India, 
and Khan Sahib Afraz Gul Khan, surveying officer 
of the Survey of India. 

Collecting and Studies in tub Salt Range 

The first field trip led to the Salt Range in the 
Punjab, where each of the members pursued their 
own scientific tasks. Following a personal refiueet 
from Professor Charles Scbuchert, of Yale University, 
a collection of invertebrate fossils in the well-known 
and highly fossiliferous Permian and Triassic lime¬ 
stones of the Salt Range was to be made. Owing to 
the generous help of Dr. L. L. Fermor, director of the 
Geological Survey of India, Mr. Ghosh from the Sur¬ 
vey was made available for this work. lie collected 
first under my supervision and later independently 
near Warcha, Amb and Chideru. New st*ctioiis of the 
Permian formation were also studied at those plae^es, 
and it is hoped that these new data will throw addi¬ 
tional light on the age of the Permian glaciation. In 
Professor Schuchert’s opinion this collection turned 
out to be very satisfactory, as almost all Waagen’s 
types and additional genera are represented. 

Hutchinson studied some salt lakes on the central 
plateau of the Salt Range northwest of Kushab. The 
paleontological collecting continued in the area of the 
upper Soar) River until the middle of May. 

Geological and Bioixxjical Work in Kashmir 

On March 18, my wife, Mr. Hutchinson and I 
moved from the Punjab to Srinagar, Kashmir. This 
city through its central location in the Kashmir Val¬ 
ley made a convenient place for expedition headquar¬ 
ters. Here camp and other additional equipment 
could be purchased for the summer trip to western 
Tibet and the Karakoram Ranges. Furthermore, all 
excursions into the Kashmir Valley, be it by house¬ 
boat, car or pony caravan, could be arranged from 
Srinagar. Hutchinson spent from March 24 until 
May 10 on the large lakes: Dal-, Anchar-, Monasbal- 
and Wular-lake and on the Jhelum River as well. I 
could almost devote the same amount of time, though 
frequently internipted by preparations for the coming 
summer trip, to the geological study of the Valley of 
Kashmir. Middlemiss had already found through 
former studies that the so-called Karewa formation 
(Pleistocene) of the Kashmir Vallqy had been dis¬ 
turbed and folded along the southern fiank of the 
basin. The exact age of these olay, sandstone and 


gravel series had since Godwin Austin's time always 
been disputed. Lack of fossil evidence and of a closer 
field study prevented the stratigraphic classification 
of these interesting strata which evidently had taken 
part in Hamalayan diastrophism. During the spring 
and later again in the fall of 1932, I found several 
new and highly important fossil localities in the 
Karewa, In gray fat clays, presumably belonging to 
an interglacial period (of Illinoian-Wisconsin age), I 
found three rich plant localities. Prominent amongst 
the plants are, besides Alnus, Populus, Quercua, the 
genera Buxus, Trapa and Chcirophytea, and Cinna¬ 
mon, indicating a climate similar but somewhat 
warmer than Kashmir enjoys nowadays. These 
plant-bearing clays were found overlain by moraine 
material of the last glacial stage. The upper Karewa 
beds yielded a great number of fresh-water shells, 
plants, and the remains of a straight tusked Probos¬ 
cidian. The latter was found near Sorabiir, being 
probably the first Himalayan representative of a 
mammoth. Only six miles distant from this locality 
I came across some prehistoric artefacts lying in the 
upper Karewa beds. On another locality I believe 
to have found similar, although somewhat doubtful, 
implements. As not only the lower but also the 
upper Karewa have been tilted and dragged high up¬ 
ward along the Pir Panjal Range, it seems obvious 
that a diatrophie phase of late Pleistocene, and oven 
possibly of later date, resulted in renewed uplift of 
the fianking Himalayan Ranges in the region of the 
upper Jhelum River. This uplift may be estimated 
from 6,000 to 8,000 feet. 

Hutchinson's work in the lakes in Kashmir resulted 
in a large collection of fish and various fresh-water 
forms and in gathering chemical and other biological 
data. The faunal character appeared to be different 
from that of the Indian lowlands, with quite a number 
of endemic forms. As the ancient lake beds of sub- 
reoent and Quaternary origin contain a great number 
of fossil shells, it should be possible to find consider¬ 
able amount of evidence on the late Pleistocene- 
alluvial history of the Kashmir Lake basin. 

Expedition Activities in the High Himalayas 
AND Eastern Karakoram 

Around the middle of May the expedition members 
united at Srinagar to prepare for the start to the 
highlands of western Tibet. A caravan carrying food 
and biological apparatus was sent ahead to Leh, capi¬ 
tal of Ladakh, in the upper Indus Valley. K3iiui 
Sahib Afraz Gul Khan, our surveyor, with his two 
servants, had joined us here and we all left Srinagar 
on May 16. Within two weeks we crossed the north¬ 
west Hiimalaya on the ''High Treaty Road’’ into 
Ladakh, and arrived at Leh on June 2. An exonnnon 
to the gr^at monastery of Bemis proved to be a unique 
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experietioe, as we witnessed the lamaistio mystery 
play. This short trip into a side glen of the Indus 
Valley brought me also a large collection of old Ter¬ 
tiary plants, of which I had found a few traces dur¬ 
ing my first journey in 1927. On June 21, we left 
Leh for the Panggong Lake and crossed the southern 
Karakoram Ranges, taking the route via Digar- and 
Shakya Pass (18,100 feet) to Tankse and Lukong. 
The great Panggong lake basin (13,915 feet), extend¬ 
ing from Ladakh into the Tibetan province of Rudok, 
and containing one of the largest, high mountain lakes 
north of the Himalayas, afforded good possibilities for 
our geological and biological work. The lake, now 
salty, must have been a fresh-water lake of consider¬ 
able depth and extension during the last interglacial 
period. Shell-bearing lake beds containing fish ver¬ 
tebrae are overlain by morainic boulder. As in the 
case of the Kashmir Valley, the fossil remains of 
fresh-water life will help to reconstruct the changes 
in biological conditions during postglacial times. 

From the Panggong an excursion led to the high 
valley of Koh-lungpa (17,250 feet) and across the 
main Karakoram Range to Ororotse Tso. This lake 
(17,383 feet) was found still solidly frozen on July 
]2, but it proved to be very rich in fresh-water life. 
The main axis of the Karakoram Range, bending 
here from a nortliwest-southeast into a west-easterly 
trend, was crossed a second time on our way to the 
upper Chang-Chenmo Valley (17,000 feet), A line 
of higher snow peaks, all ranging over 21,000 feet in 
altitude, was found continuing south of this valley 
toward the Tibetan frontier, where it gradually passes 
over into a broken line of monadnock-like snow mas- 
sives surmounting the western Tibetan plateau. This 
range is regarded by mo as the easternmost outpost 
of the high Karakoram Range. Our route led us from 
here along the Tibetan frontier via Nyagzu back to 
the Panggong Lake. 

The geological structures in this part of the Kara¬ 
koram are charaetenzed by heaving, folding and 
steeply inclined thnists; the latter being between nice 
granite and metamorphio rocks on one hand, and fos- 
silifCTous young Paleozoic to marine Triassic and 
Cretaceous formatioxis on the other. The pressure of 
folding must have acted vertically, but from the 
Mustagh-Karakoram Range on northward it seems to 
have thrown the folds towards Central Asia. In com¬ 
parison with my former observations, I am inclined 
to believe that the southern Karakoram Ranges 
(Mnstagh- and Kailas-) represent “root-zones” of 
large thrusts, while adjoining highlands between 
the northern Karakoram and the K'un-lun Mountains 
are made of lesser folded portions of the Himalayan 
region. Evidences of thrusting on a large scale were 
alio found in the northwest Himalayas near Kaighil, 


where thick Triassic limestone series have been moved 
'upon Cretaceous formations. These observations, of 
which only very little can be related on the occasion, 
lead me to believe that the geological structure of 
Himalaya and Karakoram is dominated by thrusting 
in alpine fashion. Although it still remains to be seen 
whether this thrusting led to a regular “Deekon- 
structure,” the evidence rather leads to the conclusion 
that these highest mountain ranges show themselves 
not only morphologically but also structurally as true 
alpine ranges, which have been folded up from the 
bottom of the former Tethys Sea at various times in 
intervals from the close of the Cretaceous up to the 
close of the Tertiary period. The geomorphic fea¬ 
tures of this highest relief arc composed of four main 
elements: (1) Remnants of a preglacial relief con¬ 
sisting of plateiiu relicts and piedmont levels between 
16,000 and 20,000 feet altitude. (2) Glaciated high 
ranges and massives (20,000 to 22,000 feet), sur¬ 
mounting the former widely extended plateaus. (3) 
The glacial relief which dominates the landscape. (4) 
Postglacial features bearing evidence of wide-spread 
and most intense rejuvenation of rivers through broad 
uplift at intervals. 

It was surprising to find plenty of evidences Tor a 
recent rise in the lake level of most high mountain 
lakes. This became especially apparent along the 
shores of Panggong and Tso Moriri Lake, where 
trigonomfe:rieal stations, religious buildings, roads 
and lower beach levels had been inundated by what 
appears to be a recent increase in precipitation. It 
is to be hoped that these observations, together with 
Dr. Haude^s meteorological work in Central Asia 
(Swedish-Chinese Expedition of Sven Hedin), will 
help toward an ultimate solution of the problem of 
the “desiccation of Central Asia.” From the Pang- 
gong we worked our way southward along the Tibetan 
frontier to the Pongur Tso, to Chushul, the Indus 
Valley, Moriri Lake in Spiti, and back to Leh. 

The total route of 3,300 miles by pony and cara¬ 
van, with nine important mountain lakes on our way 
and 4,600 square miles of newly surveyed territory, 
gave us ample opportunity to follow the original plan 
of field researches. Much credit for this undisturbed 
field work has to be given te my companions, my wife 
and Professor Hutchinson, and to our surveyor, who 
in spite of his strenuous work was always willing to 
assist me greatly in expedition matters. 

During my geological investigations a great number 
of invertebrate fossils were collected. Aside from 
limnological material and a number of smaller mam¬ 
mals a few hundred plants have been gathered by 
Professor Hutchinson. He also succeeded in getting 
many data on the ecology of the invertebrate ground 
fauna at altitudes over 17,000 feet. 'It is hoped,” 
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he Bays, '‘that a study of the zoogfeographic realm of 
the invertebratee living at high altitudes will throw 
mueh light on the history of these regions. As far 
as it is possible to judge at present, the rather large 
number of species endemic to these elevated regions 
argues against any wholesale glaciation of the region.” 

The expedition returned from L#adakh to Srinagar, 
Kashmir, on October 2. 

Various Activities of the Expedition irNTiii 
January, 1933 

During the last five months the various expedition 
members were busy in Kashmir, the Punjab, Calcutta 
and the Nilgiri Hills of southern India. Although 
the latter region was out of the general field of our 
studies Hutchinson was anxious to get some zoogeo- 
graphical data on the fauna of the Nilgiris in rilution 
to the “pluvial relict” hypothesis. 

Mr. Lewis, who had started back in June to the 
more promising fields of the Siwalik formations, col¬ 
lected in Bilaspur State m the Simla Hills and ad¬ 
jacent portions of the Punjab. He also worked in 
the Siwalik Hills proper, from the Sutlej River to 
the Kaluwala Rao near Dehra Dun (United Prov¬ 
inces). He reports about his results as follows, “An 
abundance of excellent material was collected in the 
time available, and in addition to the large verte¬ 
brate fauna numerous invertebrates and paleobotan- 
ical specimens were secured; all of which will be 
added to the collections of the Peabody Museum of 
Natural History of Yale University.” 

My field work in Kashmir continued until Novem¬ 
ber 23 and was then transferred partly back to the 
Salt Range and partly to tiie Siwalik foothills in the 
Rawalpindi district. The last excursion to the south¬ 
western Salt Range undertaken for the sake of the 
tiltcMi Pleistocene strata made me come across a pre¬ 
historic site. This was discovered first by Mr. Hutch¬ 
inson, who had done biological work on the salt lake 
Kalakahar. A second locality was found near-by on 
an ancient lake terrace with throe layers of imple- 
mentiferous soil containing coup de poing, scrapers 


And njeote of presainably early palecditliia age. A 
human skull was found in between the upper tw6 



layers. With the kind permission of the director of 
the Indian Archeological Survey I was able to oolleet 
these traces of what appears to be the earliest settle¬ 
ment of prehistoric man in India. 

Around the middle of January, 1933, the field work 
of the expedition was terminated and the memhers 
left India shortly after. The scientific collections 
have safely arrived at New Haven and shall be worked 
upon by the members of the expedition and with the 
aid of scientific experts. 

As this undertaking was being carried out in coun¬ 
tries which offer many natural hindrances to scien¬ 
tific exploration, the success of the expedition was 
due in great part to the help of the Government of 
India and various Indian scientific institutions. 1 
greatly appreciate all the support that has been so 
generously extended toward us by British-Indian 
government officials. 

H. DK Tsbra 

Yale University 
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A HISTORY OF THE NATIONAL RESEARCH COUNCIL 

1919-1933 

HI. DIVISION OF ENGINEERING AND INDUSTRIAL RESEARCH^ 

By Profeasor DUQALD C. JACKSON 

OBAIBlUM 


Thx Division of Engineering was estaiblished as one 
of the Council’s divisions in 1919 for the purpose of 

1 This is the third of a series of tea articles prepared 
to describe briefly tbe nature of the activities with which 


organmng and eoordinatiog eng^neerinig veMtavA-iA 
industry. Ita memberahip eonaiata.of wpruarttiifjyw 

the National Be eee r eh OouneU has boaa ongiiad damf 
tho past fourteen year,. 
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from tlie national engineering eoeietiea and eertain 
members-at-large. 

The following pereona • have aerved as ehairmen) 
beginning with the period immediately before the 
formation of the division from a committee of the 
Council: 

1918- —Henry M. Howe 

1919- 1091—Comfort A* Adams 
1921-1928—Alfred D. FUnn 
1028-1927—Frank B. Jewett 
1927-1930—Klmer A. Sperry 
1980-1938—Dugald C. Jackion 

• ♦ 

During the first period of its life^ from 1919 to 
1923 inclusive, the principal object of the division 
was regarded as getting more and better research done 
in the engineering field, avoiding the role of dictator¬ 
ship or of assuming credit for work which it en¬ 
couraged others to do. The division headquarters 
were established in the United Engineering Societies 
Building in New York City on invitation of the En¬ 
gineering Foundation and the four Founders Engi¬ 
neering Societies, for the purpose of intimate associa- 
tion with the national engineering societies. 

The second period of the division, from 1923 to 
1927, was one of transition. Numerous researcb 
projects which had their roots in wartime require¬ 
ments were completed, and their committees were 
discharged to clear the decks for project activities 
to meet current needs. 

After the Division of Research Extension was 
merged with the Division of Engineering in 1924, an 
attempt was made to balance the activities of the 
division between research projects per se and pro¬ 
motional efforts. The organization then was quite 
unique. It was a pioneering effort, with few preoe- 
dents. A director and a secretory of the division 
were selected to guide the work of the division under 
the supervision of the chairman and executive com¬ 
mittee. 

In the period 1927-1933, the third of division life, 
research projects already started have been continued. 
A variety of xlew ways has been found for increasing 
effectiveness in bringing to the attention of the public, 
and of speoiaHsts like industrialists and bankers, the 
vdue and benefits of research in the industries. A 
ehange in tbe eharaotar of the promotional activities 
of tite division from "why” to "how” doTesearoh dur¬ 
ing this period is also significant 

The major work of the division oaii'^be classified 
best under two main headings: (1) research projects 
nnd (2) promotion of research* 

giadtud evolution of a lesaaroh-project policy 
Sit4 the fievrieimient procedure in the administra- 
Mm ^ xesearriL projects undertaken for study has 
Jbeen In the induct of several of these 


projects the division has been fortunate in the co¬ 
operation of other divisions of the Council. In others 
its quasi-governmental standing has stood it in-good 
stead in securing the cooperation of governmental de¬ 
partments. It has always had the whole-hearted sup¬ 
port and cooperation of tbe interested engineering 
societies* 

It obviously would be impossible in the space 
allotted to this report to describe even in brief detail 
each of the more than fifty research projects which 
have been completed during the past fourteen years 
or which are now under way. Two examples (one, 
the marine piling investigation from the list of Com¬ 
pleted projects; and the other the Highway Resear^^ ^ 
Board, from current work) are therefore here selected 
to illustrate project policy, method of conducting 
project work, and the significance of results obtained* 

A section of the San Francisco Bay contained many 
large and valuable structures, which had been erected 
on unprotected wooden piles over a period of several 
decades. In 1914 it was found that a species of ship- 
worm previously unknown in those waters bad at¬ 
tacked the dikes at the entrance of Mare Island Navy 
Yard and other structures in the bay. In 1917 signs 
of serious damage appeared in the dikes. Within 
the next four years practically every timber structure 
in the vicinity was damaged, with losses estimated 
at $16,000,000. 

The Ne^ional Research Council was requested to 
organize a study on a nation-wide scale. A national 
committee was formed to study the preservation of 
wooden structures from the attack of marine borers, 
and to conduct an investigation into the value and 
proper use of various substitutes for timber. Co¬ 
operation was secured on a comprehensive scale. 
Among the governmental agencies assisting were; 
United States Coast Chiard, Navy Department, War 
Department, Forest Products Laboratory, Bureau of 
Lighthouses, Bureau of Fisheries, Coast and Qeodetio 
Survey and Chemical Warfare Service. Other co¬ 
operating organizations included the American Rail¬ 
way Engineering Association, American Association 
of Port Authorities, Harvard University, Massa¬ 
chusetts Institute of Technology, University of Cali¬ 
fornia, American Museum of Natural History and 
the Smithsonian Institution.^ Funds amounting to 
more than $50,000 were contributed by twenty-eight 
railroads, steamship lines and industrial companies* 
In addition to the organizations already mentioned^ 
agencies of state and municipal governments, indus¬ 
tries and harbor property owners oven tiie worldl 
funusbad servioes and materiala. Two other divisions 
of the Council assisted in tiiis work, namely, those of 
biology and agriculture, and chemistry and diemical 
teehnology. 
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As a consequence of this coordinated investigation, 
accurate knowledge is now available of conditions 
existing in all our ports on the Atlantic, Gulf and 
Paoidc Coasts, including Alaska and our insular 
possessions. We know the habits of these borers, their 
life cycle, their breeding seasons, how to prevent 
their attack, how to preserve structures and also how 
to counter-attack. The completed report occupies a 
book of 534 printed pages and was widely distributed 
and used throughout the world as a reference book. 

The Highway Research Board was organized in 
1920 to assist in outlining a comprehensive program 
of highway research and to coordinate activities 
thereunder, to organise specific projects of highway 
investigation, and to act in a general advisory 
capacity. 

The value of quasi-governmental standing of the 
Council IS exemplified by the work of this board. 
The executive order of the President of the United 
States permits the Department of Agriculture to sup¬ 
port and assist this project to a degree which would 
be impossible were it sponsored under other auejnces. 
In this particular ease total cash contributions from 
various sources have been more than $200,000. The 
wide-spread affiliations of the board are indicated by 
the fact that it has direct representation from every 
state highway department and many of the leading 
engineering colleges. 

Time will not permit the review of other research 
projects completed or under way, such as those in 
heat transmission, electric and gas welding, molding 
sands and fatigue of metals under repeated stress. 
One special project quite different in character from 
the foregoing, the World Engineering Congress, is 
worthy of mention on account of its international 
character. The congress of ]929 was held in Japan 
under the auspices of the Kogakkai (Engineering 
Society of Japan) during the months of October and 
November. The purpose of these congresses, W'hich 
are held at intervals of several years, is to advance 
and diffuse knowledge by presentation of papers and 
discussions on engineering subjects, to interchange 
views on various phases of professional engineering 
work, to promote international cooperation in the 
application of engineering science, and to cultivate 
a feeling of fellowship among engineers of the world. 

The Division of Engineering and Industrial Re¬ 
search was selected by representatives of the Ameri¬ 
can engineering societies to act as a sponsor body and 
to initiate activities on behalf of American engineers. 
Eighty papers by invited American authorities were 
prepared for the congress under this sponsorship, 
representing a cross-section of engineering develop¬ 
ments in this country. The congress was personally 
attended by a large delegation from the United States, 


whose eminence in the profession reflected credit on 
American engineering and added to intemational 
friendships. 

The promotional efforts of the division have been 
adapted in character and purpose to the state of in¬ 
dustry. At the outset special attention was given to 
an exposition of the value of research in the indus¬ 
tries. Activities at the present moment include, in 
addition to the above, special emphasis on *‘how to 
do research,” on the promotion of research within 
trade associations for the benefit of their respective 
• fields of industry and trade, and on fuller recognition 
of the university as a seat for the conduct of research 
in cooperation with industry. 

Two domestic inspection tours of representative 
research laboratories have been sponsored and ar¬ 
ranged for groups of industrial executives and 
bankers related to various fields of industry and from 
different geographical areas. 

Eighty-five executives, including chairmen of 
boards, presidents, vice-presidents and general man¬ 
agers of industrial corporations and financial institu¬ 
tions, participated in the first one (1930). The gen¬ 
eral plan of organization, the type of problems 
selected for the research laboratory and methods used 
m their solution were studied. The importance and 
benefits to the particular industry derived from each 
laboratory were also discussed. These laboratories 
were mostly those maintained by large individual 
companies, but the tour program included the U. S. 
Bureau of Standards and the laboratory of a trade 
association. 

The second tour of research laboratories was pat¬ 
terned after the first, but emphasized the significant 
feature that industrial research is not an affair ex¬ 
clusively for large companies. Under the critical 
financial conditions prevailing in the autumn of 1931, 
it is significant that nearly sixty representative in¬ 
dustrial executives and bankers participated in this 
tour. While the number was not so large as in the 
previous tour, the geographical representation from 
as far west as the Pacific Coast and as far south as 
New Orleans demonstrated appreciation of the oppor¬ 
tunities afforded by these tours. 

Encouragement of research by trade associations 
has included the presentation of suitable addresses 
before association meetings, arrangement for key 
executives and research committees to visit suooeasfal 
research laboratories, suggestions aa to the formation 
of research committees, the type of problems to be 
selected for study, the financing of the researoh 
projects, and the selection of laboratory facilities. 
Such assistance has Jbeen rendered to the teactilei 
fisheries, brick and clay, glass-eonttuner, motion-pior 
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ture, poreelain-enamel, steei-construotion and aviation 
industries. A great deal of work remains to be done 
in this deld. 

Recognizing the need for promotional efforts de¬ 
signed to demonstrate “how to do research,” the divi¬ 
sion sponsored the preparation of a book entitled, 
“Profitable Practice in Industrial Research.” Four¬ 
teen distinguished men in science and in scientific re¬ 
search collaborated in the preparation of this volume, 
thus making available thoir experience and achieve¬ 


ment in the development of a technique in industrial 
research. 

In order to carry out effectively its promotional 
efforts, the division has found it necessary to keep at 
hand various types of information which may be 
useful to those who are considering the establishment 
of research laboratories or their proper administra¬ 
tion. Examples of these are; bibliographies, surveys, 
plans for laboratory layouts and the book, “Profitable 
Practice in Industrial Research.” 


SCIENTIFIC EVENTS 


THE INDUSTRIAL FELLOWSHIPS OF 
MELLON INSTITUTE DURING 

The past fiscal year of Mellon Institute, ended 
February 28, 1933, covered a period of commercial 
dullness throughout the country. Notwithstanding 
the severe depression, however, the industrial fellow¬ 
ship activities in the institution were just as extensive 
and important as in 1931-32. 

During 1932-33, 67 fellowships—18 multiple and 
49 individual fellowships—were in operation, on 
which the services of 109 fellows and 28 assistants 
were required. At the close of the year 55 fellow¬ 
ships—14 multiple and 41 individual fellowships— 
were active, and 83 fellows and 15 assistants held 
positions thereon. Twenty-six fellowships have been 
at work for five years or more, and of this number 
14 have concluded 10 years of research and nine fel¬ 
lowships have been operating for 15 years or longer. 

In the last fiscal year $616,360 was received by the 
institute from fellowship donors to defray the cost of 
scientific investigations carried on for these companies 
and associations. The money appropriated by donors 
to the institute during the past twenty-two years 
amounts to $8,893,378. 

Nine new fellowships began operation during 1932- 
1933, and 12 fellowships concluded their investiga¬ 
tional programs iu that year. During the calendar 
year 1932, 2 bulletins, 40 research reports, and 27 
other papers were contributed to the literature by 
members of the institute. Forty U. S. patents and 
62 foreign patents were issued to fellows. The total 
publications for the twenty-two years ended Decem¬ 
ber 31,1932, have been as follows; 18 books, 107 bul¬ 
letins, 653 research reports, 961 other articles and 486 
U. S. patents. 

Many notable advances were made by the fellow¬ 
ships of 1932-33, and releasable facts regarding this 
invostigational progress are presented in the twentieth 
annual report of the director, Dr. E. B* Weidlein, to 
the institute’s trustees. Especially noteworthy were 
the research accomplishments of the industrial fellow¬ 


ships on air pollution, coke, commodity standards, 
food varieties, organic synthesis, packaging, petro¬ 
leum production, protected metals, shoes and sugar. 
A large number of new products were developed and 
many of them were introduced commercially by fel¬ 
lowship donors. The urgent necessity for reviving 
business has been spurring many manufacturers to 
try through scientific investigation to evolve novel 
commodities as well as to improve their plant and 
merchandising practises. Throughout 1932-33 the 
very enthusiastic cooperation of donors in need of re¬ 
search results has expedited the work of their fellow¬ 
ships. 

In addition to the numerous strictly tochnologio in¬ 
vestigations of its fellowships and the constantly pro¬ 
ductive aqrivities of its department of research in 
pure chemistry, the institute is studying the economic 
and social aspects of industrial research. Staff mem¬ 
bers of the organization are also aiding unemployed 
scientific men and engineers in securing professional 
posts, and are advising and encouraging the many 
companies that appeal to the institution for technioal 
assistance. 

The construction of the institute’s new building is 
being continued despite prevailing business conditions. 
By the end of 1932 about 80 per cent, of the limestone 
had been set in place in the exterior, and during the 
subsequent two months practically all this work was 
completed. So far 235,000 cu. ft. of limestone and 
22,000 cu. ft. of granite have been used, and only a 
very small amount of stone remains to be placed at 
the four comers of the ediflqa. The interior mechan¬ 
ical work is progressing, and it is thought now that 
the institute can occupy the building in the summer 
of 1934.—W. A. Hamor. 

THE MORRIS ARBORETUM OF THE UNI¬ 
VERSITY OF PENNSYLVANIA 

Thb Morris Arboretum in Chestnut Hill, which 
was bequeathed to the University of Pennsylvania 
by the late Mias Lydia Thompson Morris, will be 
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formally dedicated at e:i:t*rciseB to be held there on 
Friday, Juno 2. 

On Saturday there will be a private viewing of 
the arboretum by offleeru and members of various 
horticultural Societies and by others actively inter¬ 
ested in the promotion of horticulture, and on Sun¬ 
day the arboretum will be opened for the first time 
for inspection by the public. 

The program for the dedicatory exercises on June 
2 will be opened with a scientific session to be con¬ 
ducted at the arboretum at 11 o^clock, with Dr. 
Thomas S. Gates, president of the university, pre¬ 
siding. 

At this session addresses will be made by President 
Gates; Dr. Rodney II. True, chairman of the depart¬ 
ment of botany at the university and director of the 
arboretum; Dr. A. 11. Reginald Duller, professor of 
botany at the University of Manitoba, and Dr. Rob¬ 
ert A. Harper, who is Adrian professor emontus of 
botany at Columbia University. 

Following the scientific session, officials of other 
well-known arboretums, distinguished scientists and 
men prominent m various other fields, who will be 
among the university's guests, will attend a buffet 
luncheon at the arboretum. 

At a convocation to be held there at 3 oVlock on 
the afternoon of June 2 an address will be delivered 
by Dr. A, Lawrence Lowell, president of Harvard 
University, and three honorary dfjgrees will be win- 
ferred. In addition there will be a brief ceremony 
during which custody of the arboretum will be for¬ 
mally transferred to the university. 

Preceding the convocation, over which President 
Gates will preside, will be a formal academic pro¬ 
cession. The Rev. W. Brooke Stabler, chaplain of 
the university and Boardman lecturer on Christian 
ethics, will give the invocation, and the ceremony of 
transferring custody of the arboretum will follow. 

In this ceremony Maurice Bower Saul, attorney, 
will represent the executors and trustees of the 
Morris estate, while President Gates will accept 
custody of the arboretum on behalf of the university. 

At the conclusion of his address, the degree of 
doctor of laws will be conferred upon President 
Lowell, and the degree of doctor of science upon Dr. 
Duller and Dr. Harper, speakers at the morning sci¬ 
entific session. 

For the private viewing on Saturday, June 3, the 
arboretum will be open from 10 A. m. until 5 p. H. 
For the public inspection on Sunday it will be open 
from 1 to 6 p. u. 

The Morris Arboretum, which overlooks the pic¬ 
turesque Whitemarsh Valley, consists of two estates 
of approximately 160 acres upon which Miss Morris, 
who died on January 24, 1932, and her brother, the 
late John T. Morris, developed one of the finest eol- 
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leetioas of botanical specimens in the United SUtea 
One of these estates, ^^Compton,’’ where Mias Morris 
made her home, lies in Philadelphia County, while 
‘Bloomfield,’’ the adjoining estate, is situated in 
Montgomery County. Compton includes about eighty- 
five aoi'es of highly diversified land with hillsides and 
valleys and several small streams. The original estate 
on which the residence now stands was first planted 
by Mr. Morris, but subsequently additional land was 
purchased and on this land later plantings were made 
by Mr. Morris and, after his death in 1915, by Miss 
Moms. 

In addition to bequeathing the arboretum to the 
custody of the university, Miss Morris also left the 
residue of her property, after certain bequests, to 
constitute an endowment for the arboretum's main¬ 
tenance and development. 

THE FOURTH ANNUAL CONFERENCE OF 
DONORS AT THE JOHNS HOPKINS 
UNIVERSITY 

The donors of the fellowships established under 
the National Fellowship Plan of the Department of 
’ Chemistry of the Johns Hopkins University held their 
fourth annual conference at the university on May 5. 
The program for the day included addresses by Dr. 
C. E. Kenneth Mees, director of the Eastman Kodak 
Company, and Dr. Irving Ijangmuir, Nobel Iiaureate 
in Chemistry. Discussion of the fellowship plan, and 
visits to the research laboratories of the fellowship 
students also played a part in the program. 

Dr. Joseph S, Ames, president of the Johns Hop¬ 
kins University, opened the meeting in the morning. 
In the afternoon, discussion of the fellowship plan 
centered especially about the following points: the 
value of the selection of candidates by personal inter¬ 
view; the present research work of the fellowship 
men, and a comparison of the eareers of those ap¬ 
pointed for the fellowship and those not appointed, 
based on a statistical report which was drawn from 
questionnaires returned by the candidates of former 
years. 

President Ames, at this time, announced the devel¬ 
opments under the plan for the year 1932-^3. He 
stated that the H. A. B. Dunning Fellowship for 
Maryland, given by Dr. Dunning, of Baltimore, and 
the F* G. Donnan Fellowship for England, given by 
Dr. Walter A. Patrick, have been endowed. Dr, A. 
R. L. Dohme, of Baltimore, has renewed for a four- 
year period his lectureship established to bring noted 
scientists to lecture at the university. 

At 2:30, Dr. G. E. K Mees delivered a ehort ad¬ 
dress on ^Bmentific Hesearoh and Industrial Depres¬ 
sion’’ over WBAL bioadeasting station. Dr. Ifeee 
gave a more extended disenssion of tiiis same topie at 
the university at 4:00. In hts address, he ^ 
defend scientific reiKtaroh aj^inat the 
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troubleft of the modem 'world are really due to the 
advance of science/’ 

The evening program of conference was opened 
by a dinner at the Baltimore Country Club, given by 
President Amos in honor of the donors, the chemistry 
faculty and the speakers of the occasion. 

Concluding the program for the day, Dr. Irving 
Langmuir, who recently received the Nobel award in 
chemistry, gave an exposition of recent research in 
the field of ^*Two Dimensional Gases, Liquids and 
Solids.” His topic was of especial interest to ad¬ 
vanced chemists and physicists.—N. E. G. 

SYMPOSIUM ON THE PHYSICS OF NUCLEI 
AND OF HIGH ENERGY RADIATIONS 

Thkbs was held from May 11 to 26 at the Norman 
Bridge Laboratory of Physics of the California In¬ 
stitute of Technology at Pasadena, a symposium on 
“The Physics of Nuclei and of High Energy Radia¬ 
tions,” with the following program: 

**Some Considerations on Cosmic Rays,*' Professor P. 
B. Epstein. 

**The Free Positive Electron," Dr. C, D. Anderson. 

"The Foundations of Atomic Mechanics," Professor 
Niels Bohr, of the University of Copenhagen. 

"A Review of the Experimental Evidence for Neu¬ 
trons," Professor 0. C. Lauritsen. 

"The Foundations of Atomic Mechanics," Professor 
Niels Bohr. 

"Artificial Disintegration of Nuclei," Professor E. O. 
Lawrence, of the University of California. 

"Recent Cosmic Ray Observations," Dr. II. V. Nolier. 

"The Foundations of Atomic Mechanics," Professor 
Niels Bohr. 

Spontaneous Nuclear Decomposition," Dr. B. M. 
Langer. 

"The Foundations of Atomic Mechanics," Professor 
Niels Bohr. 

"The Absorption and Scattering of High Energy 
Radiations," Professor J. B. Opponheimer. 

In addition to his participation in the symposium, 
Professor Bohr delivered a general lecture on the 
subject, entitled “ ‘Explanation’ in Natural Science.” 
In this lecture he described the gradual change which 
the idea of mechanical explanation has undergone 
and the general outlook to which we are led regard¬ 
ing the problems in biology and psychology. 

CONFERENCE ON THE DIFFUSION OF 
SCIENTIFIC KNOWLEDGE 

Thb summer meeting of the American Association 
for the Advancement of Science in Chicago will give 
opportunity for a unique gathering that deserves the 


special attention of scientific men. This is a Science 
Service Conference on the Diffusion of Scientific 
Knowledge which will be held on Friday, June 23. It 
will partake of the character of an international con¬ 
ference in which distinguished scientisfS from other 
countries will participate. It is hardly necessary to 
comment on the importance of the widest and most 
effective possible dissemination of information con¬ 
cerning advances in the scientific field. A few facts 
regarding the origin and general plan of the sympo¬ 
sium 'will be of interest. 

Last January the executive committee of Science 
Service sought to determine the most appropriate way 
in which that institution could cooperate with the as¬ 
sociation and the Century of Progress in the Chicago 
meeting. Out of that discussion came a plan to hold 
a conference on the diffusion of scientific knowledge 
with contributions from representative scientists of 
the various countries participating in the meetings. 
The value of such a conference was so clear that the 
officers in charge of the Chicago program enthusias¬ 
tically approved the idea. The executive committee 
of Science Service requested its chairman. Dr. W. H. 
Howell, to arrange the symposium and to secure 
speakers from among the foreign guests representing 
the Scandina'vian countries, England, France, Ger¬ 
many and Italy. In this way it is hoped to present a 
picture of methods employed in various parts of the 
world to bring scientific research before the public, 
and to provide an opportunity for scie;itific men from 
different countries to express their views in regard to 
the purposes to be sought and the means to be used in 
the popularization of science. 

The speakers at the conference will include: Pro¬ 
fessor Joseph Barcroft, professor of physiology, Uni¬ 
versity of Cambridge; Professor Niels Bohr, director 
of the Institute for Theoretical Physics, Copenhagen 
University, Copenhagen; Professor Filippo Bottazzi, 
professor of physiology. University of Naples; Pro¬ 
fessor Jean Dufrenoy, director of the Station of 
Agricultural Pathology, Brive (Corriize), France; 
Professor Robert A. Millikan, director of the Norman 
Bridge Laboratory of Physics, California Institute of 
Technology. Dr. J. McKoen Cattell, president of 
Science Service, will preside at the conference. 

The Science Service conference will be held at a 
luncheon meeting at the Hofei Stevens, on Friday, 
June 23, at 12: 46 p. m. An invitation is extended to 
all interested to attend. Tickets will be obtainable at 
the American Association for the Advancement of 
Science registration booth, upon arrival in Chicago.— 
W. H. H. 


SCIENTIFIC NOTES AND NEWS 

Da ScHLESiKOQB, director of the Yale Uni- of the Paris Academy of Sciences in succession to the 

vea^aity Observatory, has been elected a correspondent late Professor H. H. Tamer, of Oxford, England. 
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Dr. Habvet Cushing, who was until his retire¬ 
ment last year Moseley professor of 8ur:^ry at Har¬ 
vard University, was presented with the Bigelow 
Medal by the Boston Surgical Sooiety on May 3, 
for his “contributions to the advancement of sur¬ 
gery ** Previous recipients of the medal have been; 

1021, Dr. William J. Mayo, Rochester, Minnesota; 

1022, Dr. William W. Keen, Philadelphia; 1926, Dr. 
Rudolph Matos, New Orleans; 1928, Dr. Chevalier 
Jackson, Philadelphia; 1931, Professor George Grey 
Turner, Newcastle-upon-Tyne, England, and 1932, 
Dr. John M. T. Finney, Baltimore, 

Dr, Carroll C. Pratt, of the department of psy¬ 
chology of Harvard University, was among those re¬ 
cently elected fellows of the American Academy of 
Arts and Sciences in Class IV, Section 1, which in¬ 
cludes theology, philosophy and psychology. 

At the recent Montreal meeting of the Electro¬ 
chemical Society the Edward Goodrich Achcson 
Medal was awarded to Dr. Colin G. Fink, of Colum¬ 
bia University. Lawrence Addioks, chairman of the 
medal committee, in presenting his report stated that 
the award was made to Dr. Fink on account of his 
record of distinction as an original investigator, as 
an inventor and as a teacher of electrochemistry. 
The formal presentation of the medal will take place 
at the faU meeting of the society, Chicago, Septem¬ 
ber 7 to 9, 1934. 

Popular Astronomy notes that Sir Frank Dyson 
and Lady Dyson were recently guests of honor at a 
complimentary luncheon in recognition of the effec¬ 
tive service Sir Frank had rendered during a period 
of twenty-three years os astronomer royal of En¬ 
gland and of his attainments and achievements in 
astronomy. Speeches of congratulation were made 
by Professor F. J. M. Stratton and Dr. W, A. Parr, 
presidents, respectively, of the Royal Astronomical 
Society and the British Astronomical Association. 

Dr. Arthur E. Morgan, president of Antioch Col¬ 
lege and president of the Dayton-Morgan Engineer¬ 
ing Company, has been appointed by President 
Roosevelt to be chairman of the Tennessee Valley 
Power Authority, the supervisory body which is to 
direct the development of Muscle Shoals. 

Frank W. Peck, director of extension of the de¬ 
partment of agriculture of the University of Minne¬ 
sota since 1921, has been appointed to the staff of 
the federal farm board under its chairman, Henry 
Morgenthau, Jr. He has applied to the university 
regents for a year’s leave of absence to take up this 
work. 

Watson Davis, since 1923 managing editor of Sci¬ 
ence Service, has been elected director. This position 
has been vacant since the death in 1920 of Dr. Edwin 


£. Sloseon, the ffrst director. The following oSkm 
of Soienee Service were reeleeted at its reecnt atmxmi 
meeting: Dr. J. MoKeen CatteU, president; Dr. W* 
H. Howell, vice-president and chairman of the ewecu- 
five committee; Harry L. Smithton, treasurer; Wat¬ 
son Davis, secretary; Dr. C. G. Abbot and Marion 
Pew, menders of the executive committee. 

Dr. Dean Lewis, suxgeon-in-ohief of the Johns 
Hopkins Hospital, will be installed as president of 
the American Medical Association in Milwaukee on 
June 12. 

The new officers for 1933-1934 of the Electro¬ 
chemical Society elected at the Montreal meeting are: 
Dr. John Johnston, of the U. S. Steel Corporation, 
president; H. S. Lukens (University of Pennsyl¬ 
vania), E. F. Cone (of Iron Age) and S. G. Blay¬ 
lock (Trail, B. C.) vice-presidents; S. D. Kirkpat¬ 
rick, editor, Chemical and Metallurgical Engineering, 
0, W. Storey, Chas. F. Burgess Laboratories, Inc., 
and T. F. Baily, Alliance, Ohio, managers; Dr. Rob¬ 
ert M. Bums, of the Bell Telephone Laboratories, 
treasurer, and Dr. Colin G. Fink, of Columbia Uni¬ 
versity, secretary. The Weston Fellowship ($1,000) 
for 1033-1934 was awarded to Mr. R. D. Blue, a 
gpraduate of the University of Indiana. The Electro¬ 
chemical Society’s annual prize to young authors 
went to Frank W. Godsey, Jr., of New Haven, for 
his paper on “Electrolytic Condensers,” 

Thabdeus Merrihak^ chief engineer of the New 
York City Board of Water Supply, has been elected 
president of the Metropolitan Section of the Amer¬ 
ican Society of Civil Engineers. David B. Steinman, 
consulting engineer, was elected vice-president, and 
Jacob S. Langthorn was chosen treasurer. Arthur G. 
Hayden, William W. Brush and E. M. Van Norden 
were elected directors. 

Nbwlt elected officers of the University of Cincin¬ 
nati Chapter of Sigma Xi are: President, Dr. Shirp 
Tashiro, professor of biochemistry in the Medical 
College; Vice-president, Dr. Robert A. Kehoe, di¬ 
rector of the Kettering Laboratory; Secretary-trea¬ 
surer, Dr. Saul B. Arenson, associate professor of in- 
organic chemistry, College of Engineering and Com¬ 
merce; New Members of the Nominating Commutes, 
Dr. Chas. N. Moore, department of mathematics, mad 
Dr. D. A. Wells, department of physics. 

Mb. Charles Augustus Carlow was elected presi¬ 
dent of the Mining Institute of Scotland at the re¬ 
cent annual meeting. 

Dr. Qmam F. Buohak has been elected ebaiman 
of the council of the Royal Sanitary Institute for the 
session 1933-34, in saccession to Dr. Chm^les JPortety 
whose term of office has expired. 
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A OEASSTT of $500 haa been made from the Marsh 
Fund of the Natioiud Academy of Soienoesi under 
which M. K* EliaSi of the Kansas Gkologioal Survey, 
win earxy on field studies of fossils of western Kan¬ 
sas^ Nebraska and South Dakota. Dr. Elias will be^ 
gin the field work in Cheyenne, Rawlins, Books and 
Qraham Countiea 

Miss Akkh Hetkak was awarded the first prize of 
$300 for her paper, ‘‘The Baeteriology of Goiter,by 
the American Association for the Study of Goiter at 
its annual meeting, which was held in Memphis, 
Tennessee, from May 16 to 17. The prize is awarded 
annually for the best paper based on original research 
on any phase of goiter. The present investigation 
was carried out in the Hygienic Laboratory at the 
University of Michigan under the supervision of Dr. 
Malcolm H. Soule. 

Thb American Medical Association has made a 
grant to the Research Department of the Barnard 
Free Skin and Cancer Hospital of St. Louis, to sup¬ 
port studies, under the direction of Dr. M. G. Seelig, 
of the carcinogenic action of acarlet red and di- 
benzanthracene 1: 2: 5:6. 

The Daniel-Pidgeon fund for 1933 of the Geo¬ 
logical Society of London has been awarded to Mr. 
J. D. Solomon, for work on the correlation of the 
Pleistocene deposits of soutbeasiem England with 
those of the Continent. 

The Carnegie Corporation has recently voted $30,- 
000 to the Research Grant Board of the Union of 
South Africa to support specific scientific research 
projects which may be selected by the board. This 
grant from the corporation’s special fund (applicable 
elsewhere than in the United States) supplements a 
previous grant of $50,000 voted in 1927. The mem¬ 
bership of the board is as follows: Professor Robert 
B. Young, chairman; Sir Spencer Lister; Professor 
L. Fouohe; Dr. J. McCrae, and Dr. P. J. du Toit. 
Among the projects already carried out are: Lepi- 
doptera of South Africa, by Dr. A. J. T. Janse; 
Engraved Stones of Bediuanaland and Griqualand 
West, by Mias M. Wilman; Music and Musical Prac¬ 
tises of the Native Peoples of South Africa, by Pro¬ 
fessor P« B. Kirby. 

Dr. Curt Stsavr, of the Kaiser Wilhelm Institut, 
1^0 has been in this oountry sinoe 1932, is working 
temporarily at the laboratory of the Carnegie In¬ 
stitution at Cold Spring Harbor, New York. 

Db. Pbdbo Aha, fonuorly director of the Anatom¬ 
ical Institute in Cordoba, Argentina, now of Madrid, 
Spain^ is visiting the United States. 

^ PnmBH Iaooktu dv Noilv, chief of biophysical 
$t the Pasteur Institute, Paris, sailed for 
W United States on May 18. He will be in ehaige of 


the Pastejur Institute exhibit at the Chicago expori- 
tion. 

Dh, C. G. Rossbt, professor of meteorology at the 
Massachusetts Institute of Technology, will return 
from Europe early in June, after an absence of eight 
months, during which he studied the latest advances in 
modem European meteorological methods. 

Db. Walter Straub, professor of pharmacology at 
the University of Munich, was a recent guest of Dr. 
Harvey B. Haag, professor of pharmacology at the 
Medical College of Virginia, Richmond. Dr. Haag 
worked in Dr. Straub’s laboratory several years ago 
in Munich. 

Dr. Johk H. Van Vleok^ professor of theoretical 
physics at the University of Wisconsin, will give this 
summer a course of lectures on “The Recent Develop¬ 
ments in the Theory of Magnetism” at the University 
of Michigan. 

Dr. Frederick L. Hisaw^ professor of zoology at 
the University of Wisconsin, was the guest speaker at 
the final meeting of the year of the Iowa Section of 
the Society for Experimental Biology and Medicine 
hold at the State University of Iowa on May 12. Dr. 
Hisaw addressed the society on “Hormones Influenc¬ 
ing the Primate Endometrium.” 

Marquette University has announced the appoint¬ 
ment of Dr. Edward J, v. K. Menge, director of the 
departmeiU of zoology, to be international guest lec¬ 
turer to the national universities of Poland for the 
summer of 1933. He will deliver a series of six lec¬ 
tures interpreting the science and philosophy of 
America in its relations to the science and philosophy 
of Slavic and Latin countries. In 1927 Dr. Menge 
was international guest lecturer to the national uni¬ 
versities and learned societies of Brazil, Uruguay, Ar¬ 
gentina and Chile. 

By invitation of the senate and academic council 
of the University of London, Professor William Eling 
Gregory will give a series of lectures on the evolu¬ 
tion of man at University College at the end of May. 
Professor Gregory sailed for England on May nine¬ 
teenth and will return about the middle of June. 

Db. j. Bjerknes, director of the Geophysical In¬ 
stitute, Bergen, Norway, who-is the guest of the Cen¬ 
tury of Progress Exposition and of the American 
Association for the Advancement of Science for the 
Chicago meeting, will give a series of lectures on tine 
stratosphere at the Massachusetts Institute of Tech¬ 
nology early in June. Dr. Bjerknes is also expected 
to lecture at the University of Toronto. 

Professor Henry Faibfxsld Obbckbn sailed on 
May 18 for a brief visit abroad. Arriving in Lon¬ 
don on May 25 he expects to read before the Royal 
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Society of Ltondon a paper entitled ‘Trinciples of 
Biomechanical Evolution, Observed in Fossil Mam¬ 
malia’’; on May 29, at a regular weekly session of 
the Acaddinie dos Sciences of the Institut de Prance, 
the same communication will be made in French with 
the title “Aristogenfeso, le Nouveau Principe Induetif 
d’Evolution Biomecaniquc.” These two addresses are 
the tenth and eleventh in a scries on the Origin of 
Species; the ninth, “Aristogenesia, the Observed 
Order of Biomechanical Evolution,” was presented to 
the National Academy of Sciences on April 25. Pro¬ 
fessor Osborn’s Aristogcnesis conclusions are the re¬ 
sults of his scientific observations, chiefly on titano- 
theres and proboscideans, for the past forty-five 
years. Returning to England cm May 30, Professor 
Osborn will spend the four days before his departure 
on June 3 in reexamining tlie famous Piltciowii speci¬ 
mens in tbo British Museum and comparing w’th the 
originals the drawings that were prepared for him 
by Miss Barbara Hopkins; he hopes also to return 
with Mr. J. Reid Moir to the Piltdown and Foxhall 
localities, to make further study of the geology of 
these regions, in preparation for Ids forthcoming re¬ 
vision of “Men of the Old Stone Age,” 

The one hundred and eighty-sixth regular meeting 
of the American Physical Society will be held at 
Chicago from June 19 to 24, as a joint meeting 
with Section B of the American Association for the 
Advancement of Science. On Monday morning, June 
19, there will be sessions for the reading of contrib¬ 
uted ten-minute papers. The remainder of the week 
will be devoted to symposia, public lectures and other 
forms of entertainment connected with the Century 
of Progress Exposition. The titles of the .symposia 
are; “Applications of Quantum Mechanics in Chem¬ 
istry”; “Isotopes”; “Age of the Earth”; “Apjdica- 
tious of Spectroscopy in Astronomy”; “Nuclear Dis¬ 
integration.” Among distinguished foreign guests 
will bo: F. W. Aston, Niels Bohr, J. Bjerknes, J, D. 
Cockcroft, Madame Curie, E. Fermi and A. Sommor- 
feld. They will participate in the symposia together 
with members of the American Physical Society. 

The sixth power show at Chicago previously sched¬ 
uled for the Coliseum will be transferred to the Exhi¬ 
bition Hall of the Stevens Hotel, the center of “En¬ 
gineering Week” activities of the Century of Progress. 
This change in location will permit the engineering 
profession visiting Chicago to visit the show while 
attending their meetings, and brings together the “En¬ 
gineers’ Day” banquet and the exhibit in the same 
building. Approval of participating in “Engineering 
Week” of the World’s Fair has been given already by 
19 engineering associations. Others will also partici¬ 
pate. The organizations cooperating are as follows: 
American Association for the Advancement of Sci¬ 


ence, American Association of Engineers, American 
Ceramics Society, American Foundrymen’s Associa¬ 
tion, American . Institute of Electrical Engineers, 
American Institute of Mining and Metallurgical Engi¬ 
neers, American Society of Civil Engineers, American 
Society of Mechanical Engineers, American Society 
of Municipal Engineers, American Society for Testing 
Materials, American Society of Agricultural Engi¬ 
neers, National Council of State Boards of Engineer¬ 
ing Examiners, Society for the Promotion of Engi¬ 
neering Education, Society of Industrial Engineers, 
Institute of Radio Engineers, Western Society of En¬ 
gineers, American Society of Refrigerating Engi¬ 
neers, American Welding Society, National Industrial 
Advertisers Association, National District Heating 
Association. 

At the annual meeting of the District of Columbia 
Chapter, Society of the Sigma Xi, held on May 9, 
Lyman James Briggs, acting director of the National 
Bureau of Standards; George Walter McCoy, director 
of the National Institute of Health, and Matthew 
William Stirling, chief of the Bureau of American 
Ethnology, Smithsonian Institution, were presented 
as members-clect, and an illustrated address was 
given by Dr. Paul Bartseh, curator of the division 
of mollusks, Smithsonian Institution, who presented 
some of the results of his recent exploration of ma¬ 
rine life in the deeps near the West Indies. The 
president-elect for the coining biennium is Dr, Alex¬ 
ander Wetmore, assistant secretary of the Smith* 
sonian Institution. 

Thiiek new buildings have been erected at Bear 
Mountain for the Trailside Museum of the Amer¬ 
ican Museum of Natural History, which opened for 
the season on May 1. The buildings were erected 
by the Commissioners of Palisades Interstate Park 
under direction of William A. Welch, general man¬ 
ager and chief engineer, and John Tamsen, park su¬ 
perintendent. The wooden craft-house and garage 
were replaced by buildings of native stone, and a new 
Geology Trailside Museum, also of native rounded 
boulders, was built. The new museum will house ex¬ 
hibits of minerals and rocks of the region, relief 
models, reference collections and a library. New 
stone steps and bridges have been built along the trail 
at several points, a now approach has been made to 
Geology Point overlooking the Hudson River, and 
more parking space and other improvements have 
been added. 

WoED has been received that the preparation of the 
English manuscript of the International Rules of 
Botanical Nomenclature adopted at Cambridge in 1930 
has been completed. This ^aft was sent to Germany 
and France about February 1 for translation. It is ex¬ 
pected that these rules will be published during 
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DISCUSSION 


FLUORESCENCE OF CELLS IN THE 
ULTRA-VIOLET 

The corpse-like appearance of human skin due to 
fluorescence in the ultra-violet is familiar to all who 
recall the mercury lamps formerly used in photogra- 
phy. 

Fluorescence of living tissues may have been ob¬ 
served long ago, but it was not understood until after 
Stokes explained the nature of fluorescence in physi¬ 
cal systems in 1852.^ As early as 1855 Helmholtz^ 
had made a careful study of fluorescence of the lens 
of the eye and considered the wave-lengths 3000- 
4000A most effective in producing fluorescence. Her- 
tel® in 1905 showed that fluorescence of the cornea 
of the rabbit and of human skin is apparently strong¬ 
est at 2320A, less distinct from 2320 to 2S00A, rather 
feeble at 3830A, but can be detected even in the 
visible light at 4480A through a yellow-green filter 
which absorbs all the reflected 4480A. In 1909 
Schanz and Stoekhousen^ reported that fluorescence 
of tlie lens of the eye begins in the blue, is more 
intense in the violet, and becomes most intense in the 
ultra-violet between 3700 and 4000A, with a maximum 
at 3850A. Walker'^ summarizes studies on the fluores¬ 
cence of eye tissues. StiibcF in 1911 studied the 
fluorescence of a great number of other tissues, tissue 
products, protozoa, bacteria and various organic mate¬ 
rials in light screened to give the wave-lengths 3000- 
4000A. He finds that the color of fluorescent light 
for different tissues varies from yellow to blue. 

It seems of interest to report fluorescence of Para¬ 
mecium, Oxytrieha and a bacterium in the monochro¬ 
matic light of the wave-lengths of the quartz mercury 
arc. 

Paramecium multimicronucleata and Oxytrieha fal- 
lax, cultured on a 0.1 per cent, lettuce infusion, were 
concentrated by centrifuging gently, washed in a bal¬ 
anced salt solution,^ and again concentrated by centri¬ 
fuging. They were then pipetted into a quartz-faced 
cell. Observations were made through a binocular 
microscope (20x) at right angles to the incident 
beam of light coming through a quartz monochromator 
from the arc.* The whole set-up was enclosed in a 
black drape to exclude stray light during observations. 

The protozoans fluoresced at all the ultra-violet lines 

1 Stokes, PWl. Trana^t p. 558, 1862, 

< Helmholtz, Fogg. Ann., 94: 206, 1856. 

* Hertel, Zeitaohr, /. AUgem. Fhyaiol. 5: 95, 1906. 

*Sehanz and StoGl^ausen, Arch, f, Ophthal., 73: 661, 

1909. 

« Walker, Proc. Am. Aoad. 8oi., 61: 760, 1916-1916. 

• Stiib^ PflUger^a Arch. f. d. Oea. Fhyaiol., 142:1,1911. 

V Barker and T^lor, Fhyaiol Zool, 4: 620, 1931. 

^Lei^ton imd Blaoet, /onr. Am. Chem. 8oa,, 64: 8165, 

1932. 


used. At 3660A the fluorescence was of a pale green¬ 
ish gray shade. At 3350, 3130 and 3020A the color 
was more of a pale greenish blue. At 2804 and 
2654A the protozoans fluoresce with a more whitish 
light, and as they dart into the beam of light appear 
like so many fireflies on a dark summer’s night. At 
2537A the color was again a pale greenish blue. 
Yaiying the size of the slit to change the intensity 
of the lines employed showed that at about equal 
intensities of incident radiation, fluorescence was of 
maximal intensity at 2804 and 2654A, of lesser but 
comparable intensity at 2537, 3020 and 3350A, and 
apparently minimal at 3130 and 3660A. The in¬ 
tensity of fluorescence was merely judged by the 
effects upon the eye of the observer. 

A psoudomonad bacterium isolated from a lettuce 
infusion was observed in suspension in the quartz 
cell placed iu the beam of ultra-violet light. A pale 
blue-green fluorescence occurred throughout the range 
of ultra-violet wave-lengths, but as the individual bac¬ 
teria could not be seen in the set-up used, the degree 
of fluorescence at different wave-lengths could not be 
compared. 

HerteP states that the cornea ceases to fluoresce on 
death. Renschler® says Paramecia killed by the arc 
light fail to fluoresce. To determine whether death 
is always XoUowed by cessation of fluorescence, pro¬ 
tozoan cells were killed in several ways. Coagulated 
rapidly by the full light of the arc excluding only the 
heat, Paramecia showed decreased fluorescence. Killed 
by low intensities of monochromatic ultra-violet radia¬ 
tion, the Paramecia cytolized rapidly. The medium 
then became highly fluorescent and it was impossible 
to determine the nature of fluorescence of partially 
cytolized Paramecia or of the protoplasmic fragments. 
Coagulated by adding a few drops of 1.0 N HCl to 
the cell, the Paramecia showed greatly decreased 
fluorescence with apparent extinction at 3660A. But 
when heated until they just coagulated and studied in 
the ultra-violet light, Paramecia showed slightly in¬ 
creased fluorescence at 2537 and 2654A and little 
change from 2804 to d660A. It appears then that 
fluorescence, of dead protozo^ cells at least, depends 
upon the method empld^ed in killing. 

rinoreaoence is chiefly of interest as one of the 
secondary processes following excitation of the elec¬ 
trons in the molecules of protoplasm by absorption 
of radiation. It will be noted that the abiotic wave¬ 
lengths (3000A and shorter) are strongly fluores¬ 
cent. ’ Part of the energy absorbed is emitted as light 
of longer wave-lengths probably without producing 
photochemical effects. Therefore fluorescence i^uld 

0 Benschler, Sgistnck, 78: 480, 1931. 
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be taken into account in any quantitative theory of 
the effects of ultra-violet light. 


Stanford Univeesity 


A. C. Gi£Se 
P. A. Leighton 


THE BORON CONTENT OF SEA WATER 

DtmiNO the last few years the concentration of 
boTon in sea water has been the subject of a great 
deal of interest and not a little speculation on the 
part of workers concerned with certain phases of 
oceanographic chemistry. Attention to this element 
has been directed principally by a number of in¬ 
vestigations of the buffer mechanijsm, i,e,, the factors 
that determine and regulate the hydrogen-ion con¬ 
centration of sea water. In this mechanism arc in¬ 
volved the salts of the various weak acids known to 
occur in sea water, namely, carbonates, bicarbonates, 
phosphates, arsenates, silicates and borates. How¬ 
ever, according to the information available until 
very recently, only the salts of carbonic acid, and in 
a few localities also the silicates, are present in suf- 
ffeient quantity to require notice in studying the 
buffer system. Nevertheless, it has been found that 
the behavior of the buffer mechanism in sea water is 
not in accord with the theory of carbonate solutions, 
even when allowance is made for the activity of the 
ions of the strong electrolytes present. To explain 
this discrepancy the possibility of the ooourrenoe of 
buffer salts other than those of carbonic acid in 
appreciable quantities has been considered but, as 
previously stated, this possibility has not been sup¬ 
ported by the existing analytical data. For the 
phosphate, arsenate and silicate reliable data have 
been available for a number of years, but for the 
borate content only one value has been reported, 
namely, in 1877 by Dievflafait^ who estimated that 
water from the Meditei^anean contains approxi¬ 
mately 0.0002 g. per liter of boron. This is equivalent 
to about 0.02 millimoles of boric acid, a quantity of 
no significance in the buffer mechanism, since it is 
only 1 per cent, of the molar concentration of the 
total carbon dioxide. 

There was also reason to suspect that the boron 
content of sea water varied considerably with locality 
because in 1859 Veatch* reported to the California 
Academy of Sciences that he had detected boron in 
water from along the coast between San Diego and 
the Strait of Juan de Fuoa, but not in water from 
beyond fifty or sixty miles off the California coast. 
He found boron most abundant toward the South 
and concluded that in certain localities it enters the 
sea from submarine volcanic sources. The absolute 
quantities of boron found were not indicated, 

iL. Dieulafait, Compte$ Mendua, 86; 605-608, 1877, 

» J, A. Veatch, Proc, Calif. Aoad. 8H., St 7, 1869. 


The reason that the ooneentratiem of boron in eea 
water has not been adequately investigated long ago 
is that Tintil recently there has been no aatiafaotory 
method for its determination. In 1982 Foot^ 
described a titration method suitable for determining 
small quantities of boron in water but this was soon 
thereafter modified by Wilcox* who used a quin- 
hydrone electrode for detecting the titration end¬ 
point Foote also determined the boron content of 
a sample of sea water from Ventura, California, and 
found it to be 4.27 parts per million. 

In this laboratory the electrometric titration method 
of Wilcox has been used, with minor modifications 
necessitated by the difference in salt content between 
sea water and the water for which the method was 
developed, for analyzing about fifty samples of sea 
water obtained from various depths from the sur¬ 
face down to 500 meters off La Jolla and to 3,200 
meters near the Hawaiian Islands and from the sur¬ 
face in several other localities, including northern 
California and Tortugas, Florida. In these samples 
the boron content varied from 4.30 to 4.80 mg. per 
kilogram, the average being close to 4.50 mg. This 
variation corresponded very closely with the varia¬ 
tion in the salinity of the water, the average ratio 
between boron and halides being 0.000239, or, stated 
in other words, boron constitutes about 0.013 per cent, 
of the total solids in sea water. As boric acid this 
oorresponds to about 0.4 millimoles per liter or, if 
boric acid is regarded as monobasic, to nearly 20 per 
cent, of the equivalent concentration of all the weak 
acid radicals present. 

It is therefore probable that boron compounds play 
an important part in regulating the hydrogen-ion 
concentration of sea water and that some of the con¬ 
clusions drawn from previous studies of the buffer 
system will need to be revised. These matters will 
be discussed in a subsequent paper. 

E. 0. Mobebo 
M. W. HiBDiKa 

BoeipTb Institution or Ooxanoorapht 
TJnivxbsitx or CAmroRMU 

PERSISTENT STRANDS OP THE ROOT-ROT 
FUNGUS IN TEX^^ 

The ability of the cotton root-rot fui4^ Phymato- 
triokum omnivorum (Shear) Dugigar,^ |6 remain in 
the soil in a viable and infectious condition for a 
period of years, even when the fields are planted to 

>F. J. Foote, Zed. and Sny, Chem., Anal. Ed., 4: 

42, 1932. 

^L. V. Wilcox, and Bng. Cham,, Anal. 4: 
88, 1932. 

1B. M. Dnggar, Texas Boot-Bot Fimgns Cad Its 
Oonidial Stage,’’ Ann. MiMuH Bet, 3i 

iUuS., 1916. 
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tumstoeeptible «A>p8 ot kept in clean fallow, hsB 
been a question of much eonoem to inveBtigators of 
tbift dieeaee. 

A partial eolution of this problem was afforded 
when Kingf and Loomis* announced the discovery of 
a Bclerotial stage of the fongtm in 1929. In the same 
year Dana* daseribed the occurrence and infectious 
nature of smooth or '^orse hair” strands following 
an 18-month clean fallow. Ratliffe* also reported 
upon a prolonged saprophytic stage of the fungus, 
which had hitherto been regarded by some as an 
obligate parasite. 

During the years of 1931 and 1932 opportunity 
was afforded on the U. 8. Cotton Breeding Field Sta¬ 
tion at Greenville, Tex., to further study the habits 
of the fungus in nature. Extensive searches in the 
soil for the souree of carry-over infection was made 
in a number of infested plots which had been handled 
under different cropping and tillage conditions, and 
therefore permitted at least a minimum estimate as to 
the age and nature of the carry-over infection. 

The colloidal nature of the Wilson and Houston 
clay soils, in which the examinations were made, pre¬ 
sented on unusual opportunity for studying both the 
fungus and plant root development in their natural 
state of growth. An examination of a very large 
number of primary centers in continuous cotton plots 
in 1931 and 1932 revealed the fact that the carry-over 
infection was not due entirely to sclerotia and that 
the most of the infection over-wintered in the soil 
as strands rather than in the sclerotial stage. Ex¬ 
aminations in a plot which was in clean fallow for 
the first year yielded numerous viable strands through¬ 
out the Bxmmet and fall of 1932. These strands were 
located, as a rule, along the old dead roots of the 
plants that they had destroyed the year before, or 
previously. 

On a plot which had been in oats in 1930 and 1031, 
and kept in clean fallow after the crops were har¬ 
vested, viable old strands were found throughout the 
summer of 1932, in and near primaty centers of in¬ 
fection. These strands were found in situ upon the 
decayed remains of the old cotton roots which they 
had destroyed three years or more before. In some 
oases they were occupying the empty root channels 
of former When these strands were re¬ 

moved froail^ l|^ and placed in moist chambers, 
they readiiy%tit oi^ new growth. Old strands found 

so. J. King and E. F. Loomis^ ^'FurUier Studies of 
Ootton Eoot-Bot in Aiisona with a Description of a 
Seierctluffl Stage of tbt Fungus/* /oar. .ipr. JSsssoroh, 
80: 9,p. 841-676, ifitu., 1929. 

t % F. Dana, * * Beesut Development in Boot-Bot Inves- 
^tiOHS/^ Furm oad Bun&h, 48 (46): 22-28, 1629. 

T. BaBiff^ Prolonged Saprophytic Stage of 
^ ;tlie Ootton Boo^Bot Fungus/* U. S. Dept Agr. Chre., 
0^ B fp,, IBas., 1929. 


interlacing a colony of sclerotia in a plot which had 
been in clean fallow for 5 years were also viable. The 
age of the strands associated with colonies of 
sclerotia can not be determined accurately as they 
may have been the product of regenerated growth, 
from the original colony, subsequent to the fallow 
treatment. 

The growth of the hypbae which usually took place 
from the ends of the old strands was characterised by 
radiating or parallel growth of elongated cells which 
freely anastomose during the early g^wth stages. As 
this growth developed, the conjugation of cells be¬ 
came less frequent and the more typical type of 
acieular hyphae with right-angled branches appeared. 
Histological studies showed that the older strands 
possessed an outer corticle ring of thiok-walled, 
irregular shaped cells inside of which were large, 
elongated, thin-walled, septate cells. In younger 
strands the elongated cells may be smaller and the 
corticle layer very rudimentary or even absent. 

The knowledge that strands of the root-rot fungus, 
in addition to the sclerotia, remain in a viable and 
infectious condition in the soil for several years, is 
woiihy of note. In contrast to the more deeply seated 
infections of the far southwest, the strands at Grpen- 
ville, Texas, were found most abundant in the surface 
foot of soil which render them more accessible to 
tillage operations or to soil disinfectants. 

^ Homer G. McNamara 

R. E. Wester 
K. C. Gunn 

Bureau or Plant Industry 
U. S. Department or Aoeicxu^turk 
Greenville, Texas 

November 17, 1032 

THE MOST NORTHERN OCCURRENCE OF 
MESQUITE ON THE GREAT PLAINS 

In 1897, while collecting invertebrate fossils from 
the Comanche Cretaceous in southern Kiowa County, 
Kansas, I found a small shrub about five feet in height, 
which at that time was unknown to me. The next 
year, 1898, Dr. Lester F. Ward, the noted phyto¬ 
paleontologist whom I was then assisting in eoUeeting 
dicotyledonous leaf impressions from the Cheyenne 
sandstone, identified this shrnb as mesquite (Pro- 
Bopis), This was, 1 believe, the first and, so far as 
I am now aware^ the only recorded occurrence of 
mesquite growing in Kansas. 

The location is in the so-called ^*Black Hills,” about 
four miles southeast of Belvidere, and ten miles west 
of 6jim City. More specifically, it is in the southeast 
oortier of Township 30 South, Range 16 West, at 
about 37** 20^ north latitude. Dr. Ward’s interpreta¬ 
tion of tMa mesquite growing so far from its natural 
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habitat was that seeds had been carried by cattle from 
Texas. 

The mesquite tree, which reaches its maximum size 
along Rio Grande River in western Texas and north¬ 
ern Mexico, is quite abundant in southwestern Okla¬ 
homa, especially in the counties bordering Red River 
south of the Wichita Mountains, where it sometimes 
reaches the size of 10 inches in diameter and 20 feet 
in height. It occurs sparingly as far east as Coal 
and Atoka counties, Oklahoma, being found on the 
prairie between the eastern end of the Arbuckle and 
the western end of the Ouachita mountains. It also 
occurs in central Oklahoma as far north as southern 
McClain County. Both these locations are in the 
drainage of Washita River. 

Queerly enough, mesquite is very rare, if indeed 
present at all, in the drainage of the two Canadian 
rivers in the western part of Oklahoma. But it is 
found in the valley of Cimarron River north of the 
Canadians in the northwestern part of the state. It 
is especially abundant in canyons and slopes of the 
Gy|)sum Hills and in the flat lands at the foot of 
these hills south of Cimarron River in Blaine, Major 
and Woodward counties, where thousands of acres 
are covered with dense growths of the shrub which 
here rarely becomes more than eight feet in height. 
So far as observed, it does not here occur among the 
sand hills. 

Mr. R. C, Tate, a local naturalist of Kenton, Okla¬ 
homa, has reported numerous specimens of mesquite 
shrubs along Cunanx^n River and its tributaries in 
northwestern Cimarron County, which is the western¬ 
most of the three counties which make up the Pan¬ 
handle of Oklahoma, originally known as No Man’s 
Land or the Neutral Stnp.^ 

For some years Mr. Tate has been searching for the 
mesquite in southern Colorado, and under date of 
November 17, 1932, writes me that he has finally 


located a specimen about a quarter of a mile north of 
the Colorado line, in section 16, Township 36 South, 
Range 49 West. This is in Baca County, 49 miles 
west of the southeast corner of Colorado and in lati¬ 
tude 37® north. 

‘Tate also reports clumps of mesquite along Carrizo 
Creek in northeastern New Mexico. The location is 
section 15, Township 30 North, Range 35 East, about 
12 miles west of the Oklahoma line, and about the 
same distance south of the Colorado line. 

It is altogether possible that the plant may occur 
along the Big Bend of the Cimarron River in Mor¬ 
ton, Stevens, Grant or Seward Counties in south¬ 
western Kansas. If m Grant County, the locality 
may be farther north than the lone shrub which Dr. 
Ward and I found near Bolvidcre, southern Kiowa 
County, 34 years ago. 

It would appear that the greater number of ob¬ 
servers are inclined to agree with Ward that the seeds 
of mesquite have been carried northward by cattle. 
However, it might not be amiss at this time to place 
on record an observation by the late Colonel Charles 
Gh>odnight, famous plainsman and rancher, one of 
the first men to successfully raise buffalo in captivity. 
In his opinion the seeds were carried by wild horses 
or mustangs, rather than by cattle or buffalo. Colonel 
Goodnight, who was an unusually close observer, is 
reported to have said that he had frequently noted 
small mesquite shrubs spring up near piles of horse 
manure at points far distant from the natural habitat 
of the plant. 

However, the most vexing problem is, why is the 
mesquite so rare, if not entirely absent, in the valley 
of both North and South Canadian rivers in western 
Oklahoma, and so abundant along the tributaries of 
Cimarron River still farther north? Plant ecologists 


please answer. 


Chas. N. Gould 


tJKivxasiTy OT Oklahoma 


SPECIAL CORRESPONDENCE 


THE ACADEMY OF NATURAL SCIENCES 
OF PHILADELPHIA 

In a review of the 1932 activities of the Academy 
of Natural Sciences of Philadelphia recently issued, 
Charles M. B. Cadwalader, managing director, depicts 
its 121at year as one of marked advances, and calls 
special attention to new exhibits, a large increase in 
museum attendance and continued scientific explora¬ 
tion in many parts of our own and other lands, 

iiave shared the common decrease in income 

1 ^ ‘ Some Observations on the Spread of Mesquite to 
the North in Cimarron County, Oklahoma,'' J^roceedings 
of the Oklahoma Academy of Science, Vol. VIII, 192Sj 
p. 58. 


and contributions,” says Mr. Cadwalader, “but have 
not lessened our efforts to give Philadelphia a free 
natural history museum of the first order, and to con¬ 
tinue the laboratory research that has made the acad¬ 
emy world known. During the year we kept the mu¬ 
seum open every day, without any change in hours, 
and we had 113,300 visitors, a 9 per cent, increase 
over 103,700 in 1931, and nearly three times as many 
as in 1930. ^mong these were 2,900 in special classes 
from Philadelphia schools; 2,200 from private and 
public schools in New Jersey, Delaware and the met¬ 
ropolitan area, 1,000 Boy Scouts, who entered their 
names in the register provided for them, and 000 
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pupilfl ttom the School of Industrial Art in the feg- in securing data on distribution to aid in determining 
ulat Saturday sketching ohutses. places of origin of the various types. It will shed fur- 

^^Two new animal life-groups, with backgrounds ther light on the development of the Andes Mountains, 
painted by C. Clark Bosenkranz, were opened—one for our knowledge of the earth’s past history is 
of musk-oxen from East Greenland, the expedition derived quite as much from such sources as from 
and group a gift from E. R. M. Carpenter, a trustee geology.” 

of the academy; and one of swans from Currituck Other expeditious were as follows: Mr. and Mrs. 
County, North Carolina, presented by Mrs. Charles Rodolphe M. de Schauensee to Siam, and Mr. and 
W. Henry. We now have eight of these striking ex- Mrs. Sidney J. Legendre to Indo-China, both for birds 
hibits in North American and African Halls, and five and mammals; W. Judson Coxey, a fifth expedition to 
additional ones are in course of construction. These Ecuador for butterflies and moths; Mrs. J. Norman 
include the remarkable giant sable antelope from Henry and Miss Josephine deN. Henry to British 
Angola, West Africa, gift of Prentiss N. Gray, a Columbia for plants, minerals and insects; Miss Mary 
trustee of the academy; also the rare giant panda G. Henry to the famous Meteorite Crater in Arizona; 
from Szechuan Province, China, and the takin, a Edgar B. Howard to New Mexico for fossil remains; 
strange cattle-like mountain antelope from western Wharton Huber to New Mexico for birds and mam- 
China, both presented by Brooke Dolan^ whose expe- mals; James Bond, a sixth expedition to the West 
dition collected the specimens. Two others, now par- Indies for birds; Samuel G. Gordon to Canada for 
tially completed, await further financing—water- minerals; Arthur N. Leeds to Florida for ferns; 
hole group of fifteen East African animals, which Bayard Long and Dr. Walter M. Benner to the Caro- 

will be the largest in the museum, and a group of liuas and Georgia for plants, and Dr. and Mrs. 

American bison, with four unusually fine specimens Francis Harper to the Okefinokee Swamp in Georgia 
presented by General Harry C. Trexler, a trustee of for plants. 

the academy. More than 65,000 specimens of mammals, birds, 

Additional birds needed for the half-completed dis- molluaks, insects, moths, butterflies, fishes, reptiles, 
play of those found in and near Philadelphia have minerals and plants were added to the laboratory col- 

boen secured. This exhibit, which is so popular with lections, which now total more than 7,000,000 speci- 

school children, teachers and nature lovers, can be mens. 

finished as soon as funds are provided. Using Cape May, New Jeisey, as a base for con- 

In Mineral Hall was installed the first of a series tinued stu(^> of bird migration, Dr. Witmer Stone, 
of instructive exhibits, this one answering the ques- curator of vertebrate zoology, found an explanation 
tion, *^hat is GeologyOther additions include of the curious northward flight of certain birds ou 
modem cases given by Effingham B. Monis, for effee- their southward autumnal journey. His observations 
tive showing of spectacular minerals; a laige ^'ring- indicate that strong northwest winds at that season 
ing rook^' from Bucks County, Pennsylvania; a sec- cause the birds to fly into the wind to prevent being 
tion of the Kiiboum meteorite, and a clear crystal blown out to sea. When they find feeding grounds, 
ball cut from a mass of quartz found in Logon, Phila- they delay their passage over the wide Delaware Bay 
delpiua. u&til the winds abate. 

The seventeen expeditions sponsored by the acad- Henry W. Fowler, curator of fishes and reptiles, 
emy included several of outstanding importance, completed the sixth and seventh volumes of his monu- 
Brooke Dolan, who headed an expedition to western mental work on "The Fishes of the Philippine Seas 
China and Ti^t, returned after eighteen months’ ab- and Adjacent Waters.” 

senoe with 200 mammals, 900 birds and numerous Dr. Henry A. Pilsbry, curator of mollusks, dis- 
molludcs, many of rare and nearly all new to covered that the Florida pond snails do not serve as 
the academy’s <g)UeotionB| the largest and most valu- temporary hosts to the human blood fluke which 
lUde representation ever received from that part of causes Schistosomiasis, a serious malady spreading 
the world, throughout the tropics. Comparing specimens secured 

H. A. Oarriker, Jr., accompanied by H. Raddyffe by the recent expedition tq the Everglades with those 
Bobcirta, continued his bird survey of Peru, returning from Puerto Rico and the Caribbees, he found that 
ttom his fourth exx>edition with 2,000 specimens, they do not belong to the same genus, as was previ- 
Ur, Witmer Stone says: "The importance of this ously believed. ^ 

wedc cemsists not only in making an indusive coUec- Mr., Cadwalader calls attention to the inadequacy 
; of Peruvian birds and discovering new varieties of funds for maintenance and staff in the academy’s 
: hitherto unexplored by naturally, but also libraryi which now contains 120,000 volumes. He also 
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emphasizes the valuable services rendered during^ the 
year by the following voluntary workers: Miss Mar¬ 
garet N. Robins, Miss Mary Allison Reed, Miss Vir¬ 
ginia C. Beggs, Mrs. Emmett R. Dunn, Jean Piatt, 
Miss Betty Shryock, Mark H. C. Spiers, Joseph 
Wood, Jr., Miss Anne Harbison, Ernest L. Bell, 
Cyrus H. Chappell, Waiter S. Cosgrove, J. W. R. 
Rehn, Russell M. Wood, Don M. Benedict, William 
R, Keeney, Mrs. Francis Harper, Edward R. Barns¬ 
ley, Miss Anne Wistar Comfort, Horace J. Hallowell, 
Miss Josephine deN. Henry, Miss Mary G. Henry 
and George Vaux. 


A total of 4,600 members and visitors attended the 
meetings of the seven natural history organizations 
associated with the academy—^tbe Delaware Valley 
Ornithological Club, the Philadelphia Mineralogical 
Society, the Philadelphia Botanical Club, the Leidy 
Microscopical Club, the American Entomological So¬ 
ciety, the Pennsylvania Fish Culturists’ Association, 
and the Pennsylvania State Fish and Game Protec¬ 
tive Association. 

Fenimore Johnson was elected a member of the 
board of trustees. 


REPORTS 


MEDALS PRESENTED AT THE ANNUAL 
DINNER OF THE NATIONAL 
ACADEMY OF SCIENCES 

There has been printed in Science the iiumes of 
those to whom the medals of the National Academy 
of Sciences were presented at the Washington meet¬ 
ing. The following statement gives some informa¬ 
tion concerning the medallists and concerning previ¬ 
ous awards of the medals. 

Alexander Agassis: Modal for Oceanography: Awarded 
to Albert Defant, of the Inatitut fiir Meeroskunde, Ber¬ 
lin, Germany, for his studies on atmospheric and oceanic 
circulation and his notable contributions to theoretical 
oceanography. This medal is provided through the Mur¬ 
ray Fund, a gift from the late Sir John Murray to found 
the Alexander Agassiz gold medal for the awarding of 
medals to scientific men in any part of the world, for 
original contributions to the science of oceanography. 
Ten previous awards have been made, as follows; Johan 
Hjort, 1913; Albert I, Prince of Monaco, 1918; C. D. 
Sigsbec, 1920; Otto Sven Pettersson, 1924; Vilhelm 
Bjerkness, 1926; Max Weber, 19S7; Vagn Walfrid Ek- 
man, 1928; J. Stanley Gardiner, 1929; Johannes Schmidt, 
1930; Henry Bryant Bigelow, 1931. 

l^ubhc Welfare Medal: For eminence in the application 
of science to the public welfare—awarded to William 
Hallock Park, of Now York City, for liiu work as head 
of the research laboratories of the Now York City De¬ 
partment of Health as a pioneer and leader both in re¬ 
search and in the application of scientific discovery to 
the prevention of disease. This medal is provided for 
from the Marcellus Hartley Fund, established in 1913-14 
through the gift of Mrs, Helen Hartley Jenkins, in 
memory of her father, Marcellus Hartley. Ten previous 
awards have been made, as follows: G. W. Qoetbals, 1914; 
W. C. Gorgas, 1914; Cleveland Abbe, 1916; Gilford 
Pinchot, 1916; S. W. Stratton, 1917; Herbert Hoover, 
1920; C. W. Stiles, 1921; Charles V. Chapin, 1928; 
Stephen Tyng Mather, 1930; Wickliffe Bose, 1931. 

John J, Carty Medal and Award for the Advancement 
of Science: Awarded to John Joseph Carty, a member of 


the academy, since deceased, in whose honor the medal 
was established for his distinguished accomplishments In 
the field of electrical engineering, particularly as they 
have influenced the development of electrical communica¬ 
tion, and also his noteworthy influence on the introduc¬ 
tion of fundamental science and of the methods of sound 
scientific research as an integral and powerful tool of 
industrial development. This is the first award of the 
Carty Medal, which was established by the American 
Telephone and Telegraph Company in November, 1930, 
in recognition of Mr. Carty ^s noteworthy contributions 
to science and as a testimonial of the esteem In which 
he is held by his associates in the Bell System. The 
terms of the gift provide that the awards shall be made 
to an individual, for noteworthy and distinguished accom¬ 
plishment in any field of science coming within the scope 
of the National Academy of Sciences; either for specific 
accomplishment in some field of science, or for general 
service in the advancement of fundamental and applied 
science. 

Benry Draper Medal: Awarded to V. M, Slipher, 
Lowell Observatory, Flagstaff, Arizona (a member of the 
academy), in recognition of his spectroscopic researches, 
among the most important of which may be mentioned: 
(1) The discovery of ^ ^ stationary ” calcium lines in 
stellar spectra; (2) the development of efficient methods 
of observations of the spectra of spiral nebulae and the 
securing of the first observations of their radial veloci¬ 
ties; (3) observations of bright lines and btinds in the 
spectra of the night sky. This medal is made possible 
through the Henry Draper Fund, established by gift of 
Mrs. Henry Draper in 1883, in memory of her husband, 
a deceased member of the academy. Twenty-one previous 
awards of this medal have been made, as follows: S. P. 
Langley, 1886; E. C. Pickering, 1888; H. A. Rowland, 
1890; H. E. Vogel, 1893; J. E. Keeler, 1889; Sir Wil¬ 
liam Huggins, 1901; George E, Hale, 1904; W. W. Camp¬ 
bell, 1906; C. G. Abbot, 1910; H. Deslandres, 1913; Joel 
Stebbins, 1916; A, A. Miehelson, 1916; W. S. Adams, 
1918; Charles Fabry, 1919; Alfred Fowler, 1920; Pieter 
Zeeman, 1921; H. N. Bussell, 1982; A. S, Eddington, 
1924; Harlow Shapley, 1926; William Hammond Wright, 
1928, and Annie Jump Cannon, 1981. 
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Uary Clark Thompson Medal: Awarded to Francis 
Arthur Bather, of Wimbledon, England, for his distin- 
quUhed services in the fields of paleontology and geology. 
Hig principal scientific contributions are his Crinoidea of 
Gotland, published in Stockholm in 1893, his work on the 
Trlassic echinoderms of Bakony in 1909, his chapters on 
eohinoderms in Lonkestor’s treatise on zoology, his con¬ 
tribution on the Cystidea from Oirvan in 1918, and his 
studies in the Edrioasteroidea in 1915. These are in ad¬ 
dition to many other papers on geological and biological 


subjects covering the field of fossil iny^tebrates though 
relating mainly to crinoids. He also has made important 
contributions on museum technique. The Mary Clark 
Thompson Fund, which makos the award of this medal 
possible, was established by gift of Mrs. Thompson in 
1919. Seven previous awards have been made as follows: 
To Charles Doolittle Walcott, 1921; Emmanuel de Mar- 
gerie, 1928; John Mason Clark, 1925; James Perrin 
Smith, 1928; William Berryman Scott, 1930; Edward 
Oscar Ulrich, 1930, and David White, 1931. 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


AN APPARATUS FOR MAINTAINING ARTI¬ 
FICIAL RESPIRATION IN LABORATORY 
ANIMALS 

Some mechanical device for carrying out artificial 
respiration in laboratory animals ia practically an 
indispensable piece of equipment in the physiological 
laboratory. It has not been long since oxpenmenters 
resorted to hand or foot bellows for the performance 
of this necessary procedure. These have been grad' 
ually replaced by more elaborate mechanical machines, 
in which the volume and rate of the output may be 
varied as desired. One of the most popular methods 
particularly for student experiments, employs an 
ordinary wind-shield wiper as a means of interrupting 
a current of air. In some laboratories motor-operated 
rotary valves are inserted in the air-line leading to 
the laboratory tables. Still others find it practical to 
equip each mammahau group with special apparatus 
for instituting artificial respiration. As desirable as 
this seems, the facilities of many laboratories do not 
permit such an expenditure, and therefore, recourse 
is made to some of the simpler and less expensive 
methods, except where certain research problems are 
involved. 

For more than eight years the simple device 
described in this article has been in use in this labora¬ 
tory, and having given most satisfactory service with 
practically no attention, it is reported here for what¬ 
ever value it might be to other laboratories. The 
Crowell blower, designed for volume output, is prob¬ 
ably more desirable than other types of air pumps 
which are capable of higher pressures. There is little 
danger of rupturing the lungs from the full pressure 
exerted by many of these rotary blowers. The tank 
placed in the line acts as a bufifer and serves to regu¬ 
late the degree of lung inflation, as well as governing 
the rate of inflation with respect to the total duration 
of the respiratory phase. As a means of interrupting 
the current of air an ordinary safety valve, in the 
line, as shown in the accompanying diagram, is 
readily adapted. This valve is mechanically operated 
by a rod connecting to cam C on the speed-reducing 
gear, The tension of spring H is so adjusted that the 
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safety valve is held open when the cam is in the 
^^up” position, and the air output of the blower 
escapes through valve E. The turnbuckle, by adjust¬ 
ing the tension of spring B, regulates the time of 
closing and opening of the safety valve. By increas¬ 
ing the tension on this spring the safety valve re¬ 
mains closed through a greater arc in the revolution 
of the speed reducer, and therefore prolongs the in¬ 
spiratory phase. Valve E regulates the rate of de¬ 



flation or the duration of the expiratory phase. No 
special valves in the main air line leading to the 
laboratory tables are necessary, since the resistance of 
this line is so much greater than through the safety 
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valve, the pressure at the laboratory jets drops prao- 
tioally to zero when the safety valve is opened. By 
regulating the opening of the air cocks on the labora¬ 
tory table, the volume of air delivered can be ^^ried 
according to the requirements of the animal. It may 
be found necessary, when experiments are conducted 
simultaneously on a large number of animals, to 
slightly close valves E and^, and to increase the 
tension on spring B. The respiratory rate is regulated 
by means of step pulleys on the motor or pump 
shaft. Inexpensive reducing gears of 48:1 ratio are 
available from most dealers in laboratory equipment. 
A further reduction of 2:1 for motors operating at 
1760 R.P.M. is necessary, and gives an approximated 
respiratory rate of 20 per minute. 

That the method for maintaining artificial respira¬ 
tion described in this article is capable of producing 
a variety of respiratory curves, and is readily edaptod 
to most laboratory requirements, may be readily seen 
from the accompanying graphs. 

W. R. Bond 

Medical Colleoe or Yiboinia 

A SPECIAL AIR-CHAMBER FOR STUDYING 
PHOTOSYNTHESIS UNDER NATURAL 
CONDITIONS 

In studies of photosynthesis under natural condi¬ 
tions with the apparatus recently described by 
Heinicke and Hoffman,^ the use of a Cellophane or 
plostacele envelope as a leaf chamber has distinct ad¬ 
vantages over larger containers. However, when the 
leaf is exposed for a prolonged period to the direct 
rays of full sunlight, the temperature within the 
envelope, as in all chambers in which the leaf is 
wholly enclosed, may rise 0 to 10 degrees C. above 
that prevailing outside. 

Thijs di£9culty can be avoided with the apple au#)^ 
with other species in which the stomates are confined 
to the lower side of the leaf by attaching an air- 
chamber to that side only. The upper surface of the 
loaf is thus freely exposed to entirely natural condi¬ 
tions with respect to light, temperature and humidity. 

The details of an air-chamber which has been used 
successfully for this purpose are clearly shown in 
Fig. 1, The chamber is a modified glass funnel which 
contains a side arm through which the air is supplied. 
The leaf (B) rests upon a soft rubber or felt rim (C) 
which extends a few millimeters above the e^e of the 
cup (D).^ It is firmly held in place by a flat brass 
ring (A), which in turn is attached to the cup by 

1 A. J. Heinicke and M. B. Hoffman, Soienok 77: 55- 
68, 1938. 

3 When the rim is coated with a thin layer of soft 
grafting wax the contact between the leaf and the cup 
becomes air-tight The device may time serve as a 
porometer for studying the relative sp^ of stomatal 
aperture at different periods of the day. 



studies of photosynthesis. The top view is shown above; 
the cross-section below. The brass ring (A) is used to 
hold the leaf (B) against rubber cushion (0) of glass 
cup (D). Air supplied through (£), exhaust through 
(H). Thermometer, at (F), view of spring clamp ^ 
leading from ring to bottom of cup, at (0). 

means of spring clamps (G). The tensiofi of these 
clamps can easily be adjusted so that the pressure 
will.be sufficient^to prevent the free passage of atr, 
but not enough to injure the leaf tissue. The cup is 
held in position by means of a wire test-tube holder 
whidi is attached to the twig or other support. It 
may be left in place for several days or even for 
weeks at a time. 

The fresh air supply is drawn through a glass tube 
from the side arm (E) which extends from about 10 
cm outside the cup to the middle of the chamber- the 
end of the tube inside the cup is bent so that 
leaf lies parallel to and about 1 cm above the open¬ 
ing. The air thus ^rcalates near the under side of 
the leaf tissue before it passes through the narrour . 
tube at the bottom of the funnebtod thence to the 
absorption towers. , * 

A similar chamber can edsQjr be made > 

speeial technique in isrigss btowing. !EldS eoiisisbl 
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H piece of glaea tubing of |he deeired diameter and 
about 4 cm long. A 3-hole rubber stopper is inserted 
in one end, and the other end is fitted wiA a narrow 
piece oil soft rubber tubing, which funushes a cushion 
for the leaf. The center hole pf the stopper is for 
the glass tubing through which the fresh air can be 
supplied. The thermometer is inserted in the second 
hole and the third wiU accommodate the exhaust tube. 
This tube may be bent in such a way that it can be 
attached to the stem by means of frictioir tape and 
thus support the air-chamber. 

For convenience in calculating the results, the diam¬ 
eter of the glass tube from which the air-chambers 
are made should be carefully chosen, so that the area 
of the opening is exactly 1/10,1/7,1/6, or any simple 
fraction of 100 sq. cm. The inside diameter of the 
brass ring which holds the leaf in position corresponds 
to the opening of the cup. The activity of a definitely 
limited area is thus determined so that tt is unneces¬ 


sary to measure the total leaf surface. Where the 
same area is used, the air supply can be aeeuiately 
regulated and held constant in successive determina¬ 
tions. This is important if the carbon dioxide supply 
is not to become a limiting factor in the results. 
Where the suction available is not suMcient to supply 
at least 2 L of air perjl^ur for each sq. cm of leaf 
surface, an air-chamber with smaller diameter may be 
used. 

The results obtained with these cup chambers have 
been slightly highe^ on the average than those ob¬ 
tained with the Cellophane envelopes. This may be 
due to the fact that no account is taken of the gaseous 
change that might occur through the upper surface 
of the leaf, but mainly to the fact that excessively 
high temperatures are avoided and that the air supply 
is always adequate for maximum rates. 

A. J. Hbikigke 

CORNKLL UNIVXRSITT 
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(Continued from page 496) 

Seoent etudiee an chemical mediation of nerve im- ot blood preasurp to the death level. The decline in 


pvXaee: W. B. Cannon. Previous studies by Cannon and 
Bacq proved that a substance, which they colled ‘‘sym- 
pathin,” is given off from smooth muscle when it is 
stimulated by sympathetic nerve impulses. Sympathin 
is carried in the blood stream and has eympathomiinetic 
effects on denervated structures (salivary glands and 
cardiac and smooth muscle) elsewhere in the body. 
Adrenin likewise has sympathomimetie effects; it has 
been assumed that symj^athin is the same as adrenin. 
The present investigation has shown that sympathin dif¬ 
fers from adrenin and that two kinds of sympathin are 
produced: one from smooth muscle when made to con¬ 
tract, that causes elsewhere only motor or excitatory 
effects, sympathin E; the other from smooth muscle 
when made to relax, that causes elseVhere only inhibi¬ 
tory effects, eympathin I. These observations introduce 
a new phase in our knowledge of chemical mediation of 
nerve impulses. 

SMiee on the funoiUm of the odrsiuil cortical hormone 
and the eanee of death from adtmdl ineuffleiency in 
doge: W. W. Swikolr (introduced by B. G. Conklin). 
The chief function of the adrenal cortical hormone ap¬ 
pears to be tiie regulation and maintenance of a normal 
dreulatiag vdlume of fluid within the vascular system, 
in the absence of the hormone, flgid is continually lost 
from the cirenlation, presumably Ig transudation through 
the capiOa]^ walls, with the result that the adrenal- 
i^tomised anlmifl is^mnable to maintain his normal blood 
vphnne, and eventually dies from ^roulatory eoUapse due 
; ^ of dreulating fluid. Aecoxhpauying the 

^ ! flecrease til blood volume Is a progreesive fall 


arterial pressure is apparently a direct result of the de¬ 
creased volume of circulating fluid. The decrease in 
blood volume and blood pressure are not terminal phe¬ 
nomena in i idrenalectomized animals but first appear 
within twenty "four to seventy-two hours after discontinu¬ 
ing hormone injections,^ and before active symptoms of 
insufficiency appear. Both volume and pressure steadily 
decline to the death point which may not occur until 
eight to twelve days later. Hemoconcentration, decreased 
renal activity, rise in blood non-protein and urea nitro- 
gein, increased blood viscosity and the marked slowing of 
rae circulation which invariably appears, are all directly 
correlated with and chiefly dependent upon the decline 
in plasma volume and blood pressure. Adrenalectomized 
animals, in the absence of the cortical hormone, are ap¬ 
parently unable to draw fluid back into the blood stream 
through the capillary walls. Following administration of 
adequate amounts of cortical hormone to prostrate ani¬ 
mals, the blood volume, blood pressure and blood ^con¬ 
stituents return to normal. The animal is able to dilute 
its blood and build up a normal blood volume and all 
symptoms of adrenal insufficieficy disappear. It is our 
opinion that all of the manifestations, symptoms and 
physiologleal peculiarities, which have been deeeribed as 
ooeurring in adrenalectomised animals are merely results 
of a progressively failing circulation due to decreasing 
volume of circulating fluid in an animal which is unable 
to eompehsate (as do normal animals) for its low blood 
volume and blood pressure by dilution. 

The progressive degeneration of nerve: G. H. Pabxxe 
aafl V, lu Pains. Wbea the lateral-line nerve of the 
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catAsh, Ameiums, ia cut near its origla ia the fish's 
bead^ the nerve degenerates over its whole distal length. 
If degeneration in the medullary sheath and the nettro- 
fibrils is studied, the process is found to take place pro- 
gressivelj, beginning near the degenerative cut and 
spreading away from the region of injury. Degenera¬ 
tion progresses over tlio nerve at a rate of from three to 
five centimeters per day and is best seen between six 
and thirteen days after the degenerative cut has been 
made. Progressive degeneration of norve is contrary to 
the ordinarily accepted view which is based, for the most 
part, on a study of nerve in warm-blooded animsds. 
Here the rapidity of the process makes it difficult to 
observe tho reaJ operation which is bettor studied in such 
a cold-blooded form as tho catfish. 

Concerning reticvlo-endothelM cells and the utilisation 
of the magnet to procure them: Peyton Kotrs and J. W. 
Beahd. Fixed on tho walls of tho blood vessels of cer¬ 
tain mammalian organs are pe^'uliar colls, usually termed 
retieulo-endotlielial, which rapidly remove bacteria from 
the circulation and destroy them. They also remove 
damaged blood corpuscles and injected particulate mat¬ 
ter, becoming greatly engorged therewith on occasion. 
It is supposed that these cells constitute a physiological 
system having various important activities; but of this 
there is no certainty, because the cells have appeared to 
be inaccessible to direct study. Tho authors find that 
they can bo obtained alive from deeply anesthetized ani¬ 
mals by injecting particles of highly magnetic ferric 
oxide into the blood stream; loosening the iron-contain¬ 
ing cells afterwards from their principal situation, 
within the liver, by means of massage and a stream of 
fluid; and selecting them from tho host of other elements 
in suspension by means of an electromagnet. The 
reticulo-endothelial cells so procured flourish under suit¬ 
able conditions outside of tho body and behave character¬ 
istically, manifesting thoir recognized activities. Ex¬ 
periments to test their presumptive functions are under 
way. 

Hurmm insensible perspiration as a laboratory and 
clinical Tneasurement: Francis O, Benedict, The ordi¬ 
nary person sitting quietly loses in weight about 30 
grams per hour, due chiefly to the vaporization of water 
from the lunge and skin. This insensible loss in weight, 
tho so-called insensible jKsrspiration," is closely corre¬ 
lated with the total heat production, and hence varies 
with the size of tho individual and with the metabolism. 
This measurement has important relations to studies in 
so-called ' * water balance'' and is of significance in 
cases where the metabolism can not be measured directly. 
Thus its use for estimating the total heat productio»L of 
people for twenty-four hours has been of great value. 

Primary and secondary ln +1 types, a new unbalanoe 
in the jimson weed: A. F. Blakbslek, S. Satina, A. D. 
BBaoNER and A. G. Avert. Among the plants of Datura 
stramonium growing in the greenhouse this past winter, 
there wore two small individuals which resembled hap- 
loids (In) In appearance, but which at the same time 


had peculiarities suggestive of the known effects of ex¬ 
tra ohromosomes in certain primaiy and secondary fin -f 1 
types. Their preliminary classification as In +1 forms 
has been confirmed cytologically by finding 13 chromo¬ 
somes in pollen-mother-cells and root tips instead of the 
fii characteristic of normal diploids (fin). Judging 
from appearance, the first type has the primary 15-16. 
If this is true, we have identified four types with 
characters brought about by unbalance of this 15-16 
chromosome extra and its formula would be In -I- 15 • 16. 
The series in order of increasing unbalance would 
bo 4n +15 • 16, with unbalance of 1 vs, 48; fin+ 15-16 
with unbalance of 1 vs. 24; fin+ 2 (15-16), with unbal¬ 
ance of 2 VB. 24 (or 1 vs. 12); and In+ 15-16, with 
unbalance of 1 vs. 12. The second plant from appear¬ 
ance is probably a In + 7 • 7 type. This haploid secon¬ 
dary, if it actually is a secondary, would have tw'ice the 
numerical unbalance of the diploid secondary fin + 7 • 7, 
which was its female parent. It would have an unbal¬ 
ance of two - 7 halves vs. 12, which is tho most extreme 
unbalance so far secured in any type of Datura. It is 
hoped it will bo possible to confirm the tentative classi¬ 
fication of the extra chromosomes if offspring can be 
obtained from these extremely weak plants and if a suf¬ 
ficient number of pollen-mother-cells can be secured at 
the proper stage of division. Lesley and Frost have re¬ 
ported a haploid Matthiola with a small chromosomal 
fragment extra, but apparently these two In +1 plants 
in Datura are the first haploids to be reported with a 
whole chromosome extra. 

Gene constitution and endocrine quality in determine 
ing growth reactions: 0. B. Stockard, In various 
crosses between structurally contrasted pure breeds of 
domestic dogs localized structural peculiarities occur, re¬ 
sulting from tho presence of one or more genes which 
determine a given structural pattern. The growth and 
pattern in one body region may be quite normal, while a 
modified pattern is developed in another region in spite 
of the same chemical or endocrine environment existing 
in the several regions. A significant example of these 
facts is shown in tho inheritance and development of the 
short-twisted tail of tho English bulldog when crossed 
with the long-tailed short-legged basset-hound. The bull¬ 
dog-tail is transmitted as a double recessive in inheri¬ 
tance and its expression is related to two factors prob¬ 
ably located in different chromosomes. The homoxygous 
double recessive appears in the second generation in 
only one In sixteen individuals. Dystrophy in tho C 4 irti- 
lages of the skull and of the tail vertebrae in the bulldog 
might be thought of as similar reaction in the two sepa^ 
rate regions to a common internal cause. However, some 
of the second generation hybrid individuals from crosses 
between the bulldog and basset-hound may show almost 
normal hound-like heads and yet possess the defonned 
short-twiated bulldog tail. Such individuals, homosygous 
for both recessive factors determining * ^ screwtall, *' de* 
velop chondrodystrophy of the tail yertebrae in the same 
endocrine environment in which the skull and extremi* 
ties grow and develop quite normally. This would seem 
to indicate that general endocrine conditions may he in^ 
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effective in reguiOrtlng the type of growth reaponse in 
oppoflition to the genetic constitution. For illustration, 
ordinary individuals may not respond in their growth 
reactions to pituitary modidcation in the same manner 
as might those inheriting acromegaly. 

Retinal rivalry os a neglected factor i/n stereoscopic 
vision: Makoaebt F. Wabhbuek. This paper argues 
that a neglected but important factor in' stereoscopic 
vision is, not the combination of two slightly different 
images on corresponding points of the two retinas, but 
the alternation of these images in retinal rivalry. That 
rivalry occurs when the stereoscope is used is well known. 
This paper demonstrates (a) that it occurs in our ordi¬ 
nary perceptions of solid objects, a fact apparently 
hitherto unrecorded; and (b) that when similar figures, 
each containing all the lines of both the right and loft 
views of a solid object, are combined by a stereoscofn; 
the figure looks flat, bocauso rivalry is absent, although 
it contains all the retinal elements for a stereoscopic 
effect. Since solidity is itself primarily a motor experi¬ 
ence, involving the movements of handling and grasping 
an object, it seems natural that it should be suggested 
not by a static fusion of retinal images but by an ap¬ 
parent movement. Rivalry occurs both in the stereo¬ 
scopic slide and in ordinary vision, and as one eye’s im¬ 
ago becomes dominant over that from the other eye, 
the apparent movement produced is identical with that 
which would be produced by part of the object’s ap¬ 
proaching or receding in the third dimension. 

The "spreod” or scatter** phenomenon in learning: 
Edward L. Thorndike. A satisfying after-effect of a 
mental connection works back upon it to strengthen it. 
But this confirming influence of a reward is not entirely 
concentrated on the one connection to which the reward 
belongs. The influence strengthens also neighboring 
connections in the series. Curves are presented showing 
the extent and amount of this spread” or ‘‘scatter” 
for several representative sorts of learning. The signifi¬ 
cance of the discovery of this phenomenon for general 
theories of modifiability is discussed briefly. 

Sasic approaches to a science of mmic and speech: 
CABt E. Seashore. Our researches In the psychology of 
muslo have revealed the surprisingly close relationship 
between the science of music and the science of speech, 
which It is important to recognise in the further organi¬ 
sation of research. The paper classifies the types of 
relationships which have been discovered through experi¬ 
ment, and, on the basis of these, outlines a program for 
a laboratory of phonetics devoted to the science of these 
two arts. 

Arisiogenems^ the observed order of hiomechameaX evolu¬ 
tion: Henry Fairfield Osborn. This is the author’s 
ninth contribution on the problem of the origin of species 
and principles of biomechanical evolution observed in pa¬ 
leontology. The term ‘' biomechanical ’ ’ applies to organic 
meehaniSms. No more apt term than ‘ ‘ aristogenesis * ’ can 
; be applied to iho observed order of biomechanical adapta¬ 
tion eicempliiied in the grinding teeth and home of mam¬ 


mals, as closely observed during the past half century. 
Aristogenesis is a concrete principle; it has no theoretie 
significance such as the ”entelechy” of Aristotle, the 
‘‘pangenesis” of I>arwin, the ‘‘vitaJism” of Driesch, 
the ‘ ‘ bathmism ’ ’ of Cope, the * ‘ emergence ’ ’ of Morgan, 
the “holism” of Smuts. Like the “biogenesis” of 
Haeckel signifying recapitulation, aristogenesis signifies 
adaptive origin. As a process of nature it is not to be 
challenged as a concept, still less as an explanation, 
hypothesis or theory. We know how it works, but at 
present we have no hypothesis as to why it works or as 
to what its causes are. A definition of aristogenesis is 
as follows; Aristogenesis is the gradual, secular, contin¬ 
uous, direct, reactive, adaptive origin of new biomechan¬ 
isms. It is a creative process from the geneplasm, of 
entirely new germinal characters. It is the orderly 
creation of some better or more adaptive biomechanisin. 
Certain lines of descent are distinguished by the poten¬ 
tiality of creative origin from the geneplasm of new 
adaptive biomechanisms. Germinally predetermined ori¬ 
gin of now biomechanisms tends toward betterment, 
and arises independently, in widely separated geographic 
areas, at same or different aristogenie rates. Aristo- 
genesis is a secular genetic and adaptive reaction ratlier 
than an immediate adaptive somatic reaction to new 
habit or environment ns in Lamarck’s theory. Arts- 
iogenea in origin and early development are wholly inde¬ 
pendent of the natural selection principle of Darwin. 
Whereas Aristogenes are predetermined by germinal 
potentiality, progressive differences in species arise also 
through more or Joss profound changes of form and pro¬ 
portion distinguished as AlloTnctrons and expressed in 
measuremenis and indices, for example, in the familiar 
proportional changes of the head expressed in the Greek 
terms brachycephaly (broad-headed, index 80) and 
doUchocephaly (long-headed, index 70). Allornetrons 
are relatively rapid in development or temporal, whereas 
aristogenes are relatively slow or secular. The 19 aris¬ 
togenes of a lower Miocene mastodont occupy from 10 
to 14 million years in rising to the 34 to 37 aristogenes 
of an upper Miocene mastodont. So far as the modes in 
which the “origin of species” is defined by biomecha- 
nisms we are now on absolutely sure ground. This 
ground is contra-Lomarckian and contra-Darwinian. It 
is also contrary to the neo-Darwinian evolutionary 
hypotheses of the loading biologists and geneticists of 
our day. 

The general formula of heredity: Harry H. LAtjOH- 
UN (introduced by Henry Fairfield Osborn). Most in¬ 
born qualities, whether structural or functional, which 
aro constitutionally important in human life, which are 
essential to well-bred domestic plants and animals, and 
which are therefore highly hereditary, are not single 
Mendelian units, nor are many of them based upon so 
few as two or three genes working additivoly. For the 
most part, each such valuable quality is the somatic end- 
prodfiet of many genes, which in development interact in 
many ways. Many such multi-genic traits are definitely 
measurable as end-products in the individual, and conse¬ 
quently we can compute the probability that the particu- 
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lar quality developed to a upecified degree will appear 
in a pre-indicated or random-selected offspring. The 
basis of such prediction is the degree of development of 
the selected quality in each of the several near blood- 
kin, The traits or qualities which can bo thus predicted 
may be structural or functional, vital or insigniflcant, 
useful or injurious, but they must bo measurable as en¬ 
tities in the individual, and they must show a definite 
tendency to **ruii in families/' For all such traits, the 
formula of heredity works out mathematically: K = f 
(M, R). K is the probability that the pre-indicated or 
random-selected offspring, with a given M or iirediction 
basis, will fall within the selected R or class range of 
offspring. The mathematical model of this formula is 
always a * * skewed saddle.'' 

Evidences of won's ancestral history tn the later devel- 
op7n-ent of the child: C. B. DAVEN1*0ET. It has long been 
known that man, in his foetal development, passes 
through many stages reminiscent of the course of the 
evolution of the human species. Thus tail, gill-slitg, 
tubular heart, amphibian-like kidney, for example, are 
ancestral. It is less well appreciated that at birth the 
child is still far from an adult in proportions of parts, 
and has still to pass through a series of changes shown 
by adult primates. At birth of the child the chest is a 
cylinder of approximately circular cross-section. This is 
the shape of the chest of the foetus of other primates 
and many other mammals. It is the generalised, undif¬ 
ferentiated form of the chest. In running quadrupeds, 
like the gazelle and liorse, the depth of the chest becomes 
greater than the breadth. But in man, the breadth 
becomes greater than the depth. The circular-cylindrical 
chest is rather characteristic of adult tree-climbers, and 
fits them for the undifferentiated movements required in 
climbing; for specialization in upright walking it is 
convenient that the arms swing free of the torso, and 
this result is attained in adult man's broad shoulders; 
but these broad shoulders are achieved relatively late in 
development. Again, the upper and lower segments of 
the leg of the human foetus are, in the early months, 
very unequal, since the thigh takes the initiative in rapid 
growtli. This appears to be an undifferentiated condi¬ 
tion. Later the lower leg grows rapidly so that it ap¬ 
proaches equality with the thigh; that is, about 90 per 
cent, at eleven or twelve years. This is the condition 
that 18 rather characteristic of tree-climbers. After this 
pre-adolescent stage the femur forges ahead, and the leg 
index falls in the adult condition to about 84 per cent. 
This long thigh takes the adolescent out of the childish, 
ape like class of climbing, jumping, romping animals 
into that of walkers and runners. The human foot shows 
remarkable adaptations to supporting the great weight of 
the body upon the spool-like talus and distributing that 
weiglit to the whole foot in the most eflScient fashion. 
But the adaptive changes axe completed only as adoles¬ 
cence appears. The infant has a rather low instep, like 
anthropoid apes. This instep increases to adolescence^ 
and gives a valuable resilience to the step. The human 
fetal foot is at first long, as compared with the lower leg, 
just as in the anthropoid ape. This may be regarded as 


a generalised condition. In later months this foot iadfS 
diminishes from 95 per cent, to 90 per cent.; in the 
adult boy to 65 per cent., while it remains at about 90 
per cent, in the adult gorilla and chimpansee. A long 
heel is a hun^n characteristic. The foetus has a rela¬ 
tively short heel bone, a condition that is retained by 
adult chimpanzee and orang-utan, but the heel bone in¬ 
creases in childhood up to adolescence. The parallelism 
of ontogeny and the phylogenetic, series is clearly due 
to the fact that the higher forms pass through the same 
embryological stages that the lower forms do, but they 
go beyond the point at which the lees evolved species 
stop their development. 

Etaoial aspeeU of the pathology of the ear: AlrA 
HaDudKA. The collections of the division of physical 
anthropology, IT. 8. National Museum, include now over 
16,000 racial crania, over three fourths of which are 
American. This American material is largely precolum¬ 
bian and comprises a number of series ranging from 
hundreds to several thousands of specimens, including 
the contents of entire large burial grounds, and these 
series are not only of great value to anthropology but 
also to the study of prehistoric American pathology. One 
of the most interesting categories of pathological condi¬ 
tions shown by the material comprises the defects and 
diseases of the bony ear structures. The present paper 
deals with the two moat striking conditions of this na¬ 
ture, namely, a eomplotc congemtal absence of the ex¬ 
ternal auditory meatus and apparently of the whole 
tympanic bone; and oar exostoses. In the present eom- 
municatlon the speaker reports the results of personal ex¬ 
amination for ear exostoses in 7,814 skulls, Egyptian, 
Eskimo, American Indian, Polynesian, Negro and Mela¬ 
nesian. The abnormalities are shown decisively to be most 
frequent in certain inland groups of the Indian, and next 
in the Polynesians. They are never congenital, and rare 
in childhood, developing essentially during the earlier 
half of the adult life. They are moderately to consider¬ 
ably more common in the males than in the females, more 
frequently bilateral than unilateral, and when unilateral 
they show a tendency to develop more commonly on the 
left side. They vary much in number, eise and shapes 
and often show more or less symmetry on the two sides; 
They, the speaker concludes, are not incidental or chance 
formations, but represent a generalised pathological 
entity, an oto-exostotic diathesis, which manifests itself 
in different degrees in different racial and local human 
groups, according to local checking or favoring eonditioiiB. 
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Wb have to-day the privilege of assisting at tbe 
formal inaugoration of these Researoh Laboratoriesy 
which the enterprise of a manufacturing house has 
broMi^t into being. 1 know that I can speak for all 
those who are* present, in saying to the directors 
whose enlightened policy has provided these labora¬ 
tories, and to tbe distinguished investigators who will 
nee them, that we wiidi them all the success which 
the^ desire and deserve. And in willing them success, 
I have in mind not merely such as will directly in- 
ensase the ef^eieney and extend the scope of the in¬ 
dustrial entmprise with which these laWatories arc 
Sffilpdated, though that we may wish them without 
reserve; but we may also wish them a wider and 
'mo^ enduring success, in adding to the sum of life- 
eavinjg knowledge, for the benefit of all mankind. 

^ t An address ditlrered at tbs opening ceremony of the 


The word ^^researeh” in relation to industry has 
been made to do duty over a wide range of meanings, 
You would probably find some manufacturers who 
apply the term to the mere experimental control of 
the details of an unprogreeaive technical routine, or 
of the quality of the materials used in it At the 
other end of the scale, this great country, in par¬ 
ticular, can show oonspicuous examples of the far- 
seeing policy of great industrial enterprises, in pro¬ 
viding opportunity for men of world-wide fame in 
scienee to follow freely the lead of their own original 
genius, without any immediate reference to the pro¬ 
duction of remunerative inventions. Results of the 
greatest theoretical importance to science have thus 
been obt^ed, which any university might be proud 
to claim as the product of its laboratories of pure 
rmenxvlkf but in some cases, at least, they have been 
obtained under conditions whirii only the technical 
resquroes |;reat industry could provide. I do not 
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think that we can have any donbt that, by such a 
policy, industry'will not only render a proper service 
to the wider interests of the community from which 
it draws its support, but will also act in the essential 
interests of its own success and development. And it 
will do so, I think, not merely because some of the 
most important inventions, leading to really new lines 
of practical development, do in fact arise as incidental 
results of fundamental researches having no such 
practical aim, but also because the progress of such 
free scientific inquiry in any community creates the 
atmosphere of mental enterprise and the fount of 
ideas, which enable practical invention to thrive and 
to come to fruition. 

There may be some who will see a danger here, 
fearing lest the opportunities offered by the research 
service of industry may come to make too large a 
draft ui>on the highest grade of scientific ability, so 
that the universities may be unable to make good their 
pnmaty' claim upon it, for the training and inspira¬ 
tion of tiie following generations. The danger is not 
one which could be treated lightly if there were any 
good reason to fear its development. For the scien¬ 
tific future of any country, in industry as well as in 
the academic sphere, must depend on the quality of 
the recruits which the universities can furnish; and 
that quality will be determined, not only by the 
effectiveness and the attractive influence of the formal 
teaching which they provide, but oven more by the 
opportunity which they afford to their best students, 
of a living contact with the finest typo of ability and 
achiovomont in research. If such a danger really 
existed, we could hardly put tlie responsibility for it 
only on industry. The great institutions, supported 
by private munificence or by public funds, and offer¬ 
ing, to men selected for their achievement or promise 
as investigators, an opportunity to give the whole of 
their thoughts and energies to research, must share 
any responsibility of that kind. This country, 
through the unparalleled and enlightened generosity 
of its leaders of industry and finance, has led the 
world in this relatively new development of the en- 
dowTnent of research for its own sake. I myself have 
the honor now to be associated with an institute thus 
devoted entirely to medical research, with no formal 
academic contacts, supported from the public funds 
by the British Government. Earlier, after a rela¬ 
tively short academic experience, I had charge, for 
ten of my most active years as a scientific worker, of 
laboratories also concerned with various aspects of 
medical research—physiology, pharmacology, immu¬ 
nology, serology—and supported by the head of a 
great British pharmaceutical firm, Sir Henry Well¬ 
come, who had migrated from your country to mine 
at an early stage of his career. I allow myself the 
apparent egotism of these pemnal details, only to 


make it clear that 1 have had the opportunity of 
viewing, from more than one angle, this problem of 
the relation between research in the universities, in 
endowed and public institutes and in laboratories sup¬ 
ported by industry. And, so far as this experience 
has enabled me to form a judgment, I do not believe 
that there is any real or permanent danger of the 
universities losing, to whole-time research in endowed 
institutions or in laboratories associated with indus¬ 
try, the particular kind of scientific leadership and 
power of inspiration, which, in the interests of al) 
kinds of scientific activity, it is essential that they 
should retain. So far as I can judge, I believe that, 
in general, this relatively new growth of whole-time 
research as a career is already effective, and is likely 
to become more so, in the reverse direction. In this, 
as in other spheres of human activity, supply must 
be largely determined by demand. The universities, 
in the nature of things, can offer only a limited num¬ 
ber of major opportunities in scicnoe to their ablest 
and most enterprising students; and the more numer¬ 
ous the extra-academic opportunities for careers of 
distinction and of service to the community in re¬ 
search, the more readily will able men be willing to 
try their ability as investigators, before embarking 
on careers of professional practise or business; and 
the wider should he the field thus made available 
to the universities, in choosing the men they wish 
to retain and to promote. I do not think, then, that 
there is any real danger in that direction. Such 
difficulties as may arise, to hamper the development 
of the best and most helpful relationship between re¬ 
search in the universities and in the laboratories asso¬ 
ciated with industry, must come from causes of a 
different kind. In the field of medical science, which 
is that of my own direct experience, I am inclined 
to doubt whether the ideal relationship has yet been 
everywhere established, between research in the uni¬ 
versities and the hospitals, on the one hand, and that 
associated with the pharmaceutical industry on the 
other. The finding and acceptance of a proper rela¬ 
tionship, however, is vital to the progress of both 
alike, and to their union in an ordered advance, along 
the common front of medical science and its applica¬ 
tions. It is a matter of special importance to an 
institution such as this, which starts to-day on its 
career, with the good wishes and the confident hope 
of us all. I hope, therefore, that I may be allowed 
to put briefly before you a few ideas as to the 
special kind of service which an organization such as 
this may render to medical science, and as to some 
of the difficulties which it may have to face. 

Let us recognize, in the first place, that investiga¬ 
tion in that group of scienoes which contribute to 
medicine entails certain special obligations. The 
practitioners of medicine are bound, by a tradition of 
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long and honorable history, to place any new knowl¬ 
edge, gained in the practise of their art, freely at the 
disposal of their professional brethren, without any 
concealment or any attempt to restrict its use for 
private advantage. This tradition has no connection 
with any formal code of professional etiquette govern¬ 
ing medical practise. Its basis, I think, is a recogni¬ 
tion of an essential condition for the advance of 
medical science; and in recent years, as such advances 
have come in increasing measure from the research 
laboratories, the workers in these, whether medically 
qualified or not, have in general shown themselves 
eager to embrace this great medical tradition and to 
accept this freedom of the great medical brotherhood. 
Without committing ourselves too hastily in advance 
to the details of its application over the whole field 
of enterprise, 1 think we must accept this tradition 
as embodying a true ideal, and one which we can not 
afford to lose or to see obscured. For medical re¬ 
search differs from that in other fields in this re¬ 
spect, that its ultimate aim is the provision of knowl¬ 
edge which will find its application in the relief, the 
cure or the prevention of human sickness and suffer¬ 
ing. Further, while all medical research, however 
remote from any immediate thought of such apphea- 
tion, preserves this ultimate aim, no practical de¬ 
velopment of the rt^sults of medical research can be 
made, no therapeutic invention can be completed, 
without a full and frank cooperation with those en¬ 
gaged in clinical practise. Those who are engaged in 
the task, vitally important to the progress of medical 
science and practise, of translating the new knowledge 
of natural laws and principles into terms of practical 
therapeutics, as the workers in these laboratories will 
be, require the fullest confidence and cooperation of 
those, on the one hand, who are freely exploring new 
avenues of knowledge, without an immediately prac¬ 
tical objective, and those, on the other hand, who are 
directly responsible for the care and the treatment of 
the sick. And in order that this frank and full 
cooperation and confidence may be established, be¬ 
tween all those engaged in furthering medical dis¬ 
covery and its application at these different stages, 
they will need to convince one another that they are 
bound together in a common cause and by loyalty to 
a common tradition. 

I think that we must frankly face the fact that 
those whose contribution to this common end is made 
by research in laboratories such as these may find 
a special difficulty in carrying that conviction. These 
laboratories have been founded by industry, and their 
maintenance and progressive opportunity of service 
to medical soienoe will depend on the extent to which 
industry receives the proper reward of its enterprise. 

1 have no fear that the directorate responsible for 
tilese Ittbotatories will reckon that reward by any 


narrow calculation, based merely on returns from 
directly remunerative invention. But you men of 
science, who have accepted the opportunity which 
these laboratories offer, will probably find some among 
your academic or clinical colleagues who will be 
ready to assume that your researches, henceforward, 
will be directed merely to the promotion of some trade 
interest, to securing some advantage to the manufac¬ 
turing house supporting you over its competitors and 
not to the advancement of the common cause of 
medical science. I say that you will probably find 
some ready to take this attitude, and to regard you 
as engaged in, at best, an inferior order of medical 
research; but it may be that 1 am wrong, and 1 hope 
that I am. I was speaking from the analogy, per¬ 
haps a misleading one, of my own experience in an¬ 
other country, and now nearly 30 years ago. I sus¬ 
pect, however, that human nature and academic 
traditions do not exhibit any fundamental differences 
over those parts of the world where our common 
language is spoken and that they do not change oom- 
l>letely in the course of thirty years. If there is any¬ 
thing in my suspicion, it will be your task, as it was 
mine, to show these colleagues that they have been 
wrong in their assumptions; that work in these lab¬ 
oratories supported by industrial ontorprjse, though 
differing from theirs, perhaps, in the nature of its 
immediate objective, can bo as genuinely inspired by 
the ideals of^ the advancement of medical science, and 
of service to suffering humanity; and that even in 
researches undertaken in the interests of some imme¬ 
diately practical development, the alert investigator, 
given such freedom as you will surely have here, will 
find the opportunity for making additions to the 
common fund of scientific knowledge, which may be 
as fundamentally important os those which come from 
the academic laboratories. They have had examples 
before them, indeed, for many years, from other 
laboratories established and maintained by great 
pharmaceutical houses in this country; and it must 
surely be generally recognized that some of the great 
advances in medical knowledge, which have in recent 
years come from American universities, have been 
made possible by the cooperation which only in¬ 
dustrially supported resear^ could give. But 
prejudice dies hard, especially when it has its roots 
in a tradition which we all acknowledge and respect; 
and I suspect that you who are to work here will 
find that there is, for yourselves and your colleagues 
m other similar institutions, something yet to be won, 
of the full confidence and cooperation which you need 
from the academic investigators and which they as 
certainly need from you. Yon will win it, when they 
see that your work differs from theirs, not so much 
in its quality or its ultimate aim as in the nature of 
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the incentive and in the kind of opportunity offered 
by the conditions under which it is done. 

There is one matter^ affecting the question of 
JoyaJty to a common medical tradition, which I must 
montiou more explicitly, if only to free myself from 
the suspicion of sliirknig a difficulty. I refer to the 
question of patents for inventions having therapeutic 
value. I shall make no attempt to conceal my own 
wish that we could do without them. I am convinced 
that a general recognition of their use by research 
workers in the medical Held would be unfavorable to 
open confidence and to the free interchange of ex¬ 
perience and materials among such workers, including 
those whose part in a common investigation is con¬ 
cerned with the human patient. The whole basis of 
such cooperative work would be endangered by any 
suspicion that it was being used for the enrichment 
of some individual or institution, and not for the 
advancement of modi cal science for the common bene¬ 
fit. 

That being said, I should make it clear that I am 
not among those who condemn the use of patents in 
medicine with a kind of dogmatic fervor and with¬ 
out reference to its object and its effect. The object 
of any patent law is to further the progress of sci¬ 
ence and its applications, by stimulating invention 
and by providing the conditions which will make its 
results available to all who need to use them. I be¬ 
lieve that a general use of patents in all parts of the 
field of (therapeutic research and by investigators in 
all kinds of institutions would definitely hinder, rather 
than promote, such progress. That belief, however, 
does not entitle me to suggest that the protection by 
patent of any kind of therapeutic invention, under 
any conditions and in any country, must of necessity 
have that detrimental effect. So far as I can judge 
the situation, the danger of it seems to me to be 
greatest in conneotior with discoveries relating to 
remedies of the biological type, for which the prac¬ 
tical application is apt to present itself as a stage in 
the general advance of knowledge, to which many, in 
different institutions and countries, have made essen¬ 
tial contributions. I believe that there is a definite 
danger here fix>m Uie difficulty of distinguishing be¬ 
tween scientific discovery and practical invention, and 
from the temptation to use the opportunity which a 
patent affords, not only to endow a particular insti¬ 
tution in whicli a practical development happened to 
begin, but also to dictate to the whole world an 
orthodoxy in its application, and thereby to restrict 
the freedom of further advance. Frankly, I am in¬ 
clined to regard the medical patent as a peculiarly 
dangerous weapon when it is wielded by the good 
intentions of the academic amateur. ' 

On the other hand, I do not see,the same danger 
in the use of patents for inventions related to mlly 


now substances of tiberapeutic value prodooed bjr 
chemical synthesis. I can not ignore tbs argument 
that an immediate and complete freedom to all the 
world for the manufacture and sale of such a sub¬ 
stance might have the xesult of its not being pro¬ 
duced at all, because nobody could justify the ex¬ 
penditure necessary to oxganize its efficient production 
and to make its value known to those who could use 
it. I think it could be urged that, under the condi¬ 
tions of modem pharmaceutical industry, in some 
countries, a patent for a definite invention of this 
kind may be used in accordance with the very pur¬ 
pose of medical tradition, to make the new knowledge 
available to all who need to use it. I think that it 
can also be urged that such a policy may enable an 
industry to support research leading to further and 
more important inventions. Without such incentive 
and guarantee it is hardly likely, 1 think, that the 
great pharmaceutical industry of Qermany could have 
embarked on a policy which, after many years, has 
led to the production of substances representing the 
first clear advance in the treatment of malaria along 
new lines since the Jesuit Fathers brought cinchona 
bark from Peru in the seventeenth century; or that 
the pharmaceutical industry of this and other coun¬ 
tries would have enriched tlie resources of medicine 
with all the new general and local anesthetics which 
now help to reduce the sum of human pain. If the 
industry of any country tells me that it can only 
promote research and apply its results, in this 
synthetic field of therapeutic invention, by the use of 
patents, I can not presume to content the statement. 
But I am certain that patents in the medical field 
will do no service even to industry, unless they are so 
used that they serve also the great medical tradition, 
so that industry wins and retains the confidence, of 
the academic laboratories and the clinics. No inv«i- 
tion in the medical field can be completed or brought 
to use without the cooperation of the physician and 
his patients. 1 believe that such cooperation wiO be 
readily and properly given so long as it is clear that 
the aim of industrial research is the teal increase 
of knowledge for the ultimate benefit of mankind and 
not the promotion of some narrow commercial aim. 

The idea of cooperation involves some differentia¬ 
tion of function. It would not be in the general in¬ 
terest of science that the academic institutions and 
laboratories such as these should be foUowing exactly 
similar lines of investigation, with the same tdnd 
of immediate objective, Broadly, we may 
their respective functions, I think, by saying tbnt ikti 
primary task of those academic laboratories, wfafdbt 
are concerned with the ultimate advanoem^ e£ 
therapeutioB, is the increase of our fnndluaantal 
knowledge of tbeproblams involved, 
mediate or insistent tbonght^ of its pxwrtM 
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ii<m» TJw funetitm of fieien^ in the universities seems 
to me to be weU expreseed in the old fonnalA, which, 
sinee its foundation in the seventeenth century, has 
deflxied the purpose of the Boyal Society of London 
—“the improvement of natural knowledge by means 
of experiment/' That tradition has not needed any 
artidcial importation into ^ universities of this 
oountzy. One of the first and greatest of American 
oitbens, Benjamin Franklin, was himself a dis¬ 
tinguished fellow of the Boyal Society. Tour primary 
task in these laboratories, on the other hand, will be 
to find applioations for the laws gpoveming therapeu¬ 
tic action, as fundamental inquiry reveals them, and 
to translate them into the practical terms of remedies 
ready for the treatment of the sick. 

Broadly, I think, this differentiation can be made, 
and 1 believe it to be important that it should be kept 
steadily in view. On the other hand, it is natural 
and proper that, from time to time, these functions 
should largely overlap. The academic investigator 
must certainly not be inhibited or called off from his 
quest, if its natural line of development should lead 
him to a discovery which is directly applicable to the 
prevention or treatment of disease. On the contrary, 
it is right that he should be the more encouraged to 
pursue his investigation, by the thought of its promise 
of iznmediate benefit to mankind. I suppose that we 
shall agree that the discovery, in the past century, 
which had the most revolutionary and transforming 
effect on medical science and practise was that of 
microorganisms as the cause of infective diseases; 
and its real starting point was the interest, awakened 
in the mind of a man of genius, Louis Pasteur, by the 
relation between the optical rotations of the different 
tartaric acids and the asymmetry of their crystals. 
He followed the clue through the differential ferment¬ 
ative action of moulds and of yeasts, to open a new 
world to investigation, in the bacterial origin of 
putrefaction and of many diseases. But, out of an 
unbounded admiration for that groat man and for his 
wonderful gift to mankind, I am sometimes tempted 
to wonder whether that gift might not have been 
even greater, and in some of its phases more 
permanent, if the clamor for practicoj application had 
not led him, in later years, ao far into the unfamiliar 
field of therapeutics, and away from his more funda¬ 
mental inquuiefl. When Michael Faraday, patiently 
ae^ng the improvement of natural knowledge, witli 
an inspirad curiosity, discovered the phenomenon of 
deotromagnetio induction, he probably had little 
thought thidi it would find any practical application; 
if he had bad any prevision of the kind of civilba- 
which, a bundred years later, wotdd have ainsen 
Ob his diaeovery, the thought would probably have 
; him* It will surely happen in the future, 

that free and fundamental leseasohes 


will often lead to the most important practical dis¬ 
coveries ; and we need not grudge his good fortune to 
the academic investigator whose work has such a re¬ 
sult I do thank, however, that there is a definite 
danger lest he should be diverted by it from hia 
proper task of further free inquiry and should devote 
his inteorest to the practical development and applica¬ 
tion of a discovery already made, which, in many 
cases, he had better leave to others. The concentra¬ 
tion of popular enthusiasm on discoveries which are 
immediately applicable in therapeutics is natural and 
intelligible. We need have no fear of its effect, pro¬ 
vided that a proper balance of recognition is pre¬ 
served within the universities themselves, between the 
achievement of a practical success and the funda¬ 
mental advancement of knowledge. 1 have no right, 
and no desire, to criticize here a particular line of 
policy, which some of the universities of the North 
Amerioan continent have adopted in recent years, in 
order to secure to themselves funds for the endow¬ 
ment of further research, from the proceeds of prac¬ 
tically useful medical discoveries which have come 
from their respective laboratories. It is for them to 
judge their needs and the proper way to meet them. 
I mention the matter, not from any desire to make or 
to imply a criticism of action already taken, but oe- 
cause of its direct bearing on a view which I desire 
to emphasize, namely, that the primary and special 
function of research in the universities is to build the 
main fabric of knowledge by free and untrammelled 
inquiry and to be concerned with the practical uses 
of it, only as tliese arise in the course of a natural 
development. I suggest that we should watch care¬ 
fully the effect of any line of action which might 
lead the scientific departments of the universities to 
give encouragement and promotion to the practical 
inventor at the expense of withholding it from a 
potential Michael Faraday or Willard Gibbs. If that 
should happen, there would be a real danger of the 
university departments neglecting their own proper 
part in the cooperative scheme, and encroaching on 
that more proper to the laboratories supported by 
industry, 

1 have suggested, as the primary concern of the 
laboratories supported by industry, the development 
to a practical outcome of the^undamental discovories 
which the academic and endowed institutions may be 
expected, in the main, to fumii^. But just as the 
academic worker ought not to be restrained from 
following freely the line of his inquiry, because it 
happens to lead to a practical application, the in¬ 
vestigator in an industrially supported laboratory 
ou^t to have a large freedom, to follow a elue to new 
knowledge of a fundamental kind, if it presents it¬ 
self in (he course of his practical investigations. In¬ 
deed, I think it is probably of great advantage to an 
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industrial laboratory that its staff should have always 
in band a substantial body o£ investigation having no 
direct relation to any practical development. My own 
personal experience, if you will pardon a further 
reference to it, perhaps influences my views unduly. 
If the head of a great pharmaceutical house, who gave 
me my first real opportunity as an independent in¬ 
vestigator, had been inclined to judge me by my out¬ 
put of therapeutic novel ties directly remunerative to 
his firm, I think ho must have concluded that I was 
a very unprofitable investment. If he did so, he 
never let me sus])ect it; on the contrary, I received a 
steady encouragement to follow, with my colleagues, 
the natural lead of the problems which our initially 
practical investig'ations liad presented. And I believe 
that such a policy is undoubtedly the right one. If 
necessity is tlie mother of invention, the spirit of free 
investigation is most eeriainly its father. The men 
wiio work here need it, to preserve their active 
interest in wiiat is happening in the larger world of 
science, and to maintain thevr contacts with men of 
hko interests in the academic world. 

In a very large proportion of cases, when we como 
to look at the results, it will be difficult to say whether 
a particular discoveiy' would come more appropriately 
from an academic or from an industrial laboratory. 
Permit me to illustrate the difficulty by an example 
which has some personal interest for me, as well as 
for these laboratories. Many years ago my friend, 
Dr. Reid Hunt, now professor in the Harvard Medi¬ 
cal School, thought that he detected the presence, in 
an animal organ, of some unstable derivative of 
choline, of greater ph>"siological activity than that 
substance. An examination of a series of artifteial 
derivatives, with Dr. Taveau, led him to the discovery, 
in acetylcholine, of a subslance having at least one 
thousand times the activity of the parent base. Rome 
five years later, in the Wellcome Laboratories, I was 
still following up certain lines of inquiry on the 
pharmacology of ergot, which had been suggested to 
me as a subject w’hen 1 entered that service. A re¬ 
markable type of activity showed itself in certain 
pe<niliar ergot extracts, and cooperative work with 
my colleague, Dr. Kwins, led to the isolation of the 
sulistance responsible for it, which proved to be 
acetylcholine. Acetylcholine thus passed from the 
class of synthetic curiosities into that of natural sub¬ 
stances, and a fuller study of its action showed a re¬ 
markable relation between its effects on different 
organs and those produced by parasympathetic 
nerves. This work, in an industrially supported 
laboratory, bad brought us no nearer to practical 
therapeutics than Professor Reid Hunt's original dia- 
covery Imd done; but it arose from a chance observa¬ 
tion, for which only the industrial connection could 
have provided the opportunity and of which we were 


able to take advantage through our association with 
large-scale work. After another interval, created by 
the war, the next step was taken in an academic lab¬ 
oratory, when Professor Loewi, in Gras, showed that 
stimulation of the vagus nerve produces its effect on 
the frog's heart by releasing something remaricably 
similar to acetylcholine in its properties; but the 
quantities werQ far too small for direct identifloation. 
After another interval of yeai*s, now in an institute 
supported by the public funds, another chance ob¬ 
servation enabled Dr. Dudley and myself actually 
to isolate acetylcholine from an animal organ, in 
quantity sufficient for complete identifleation. So 
that now we had evidence that this substance, the 
most powerful dilator of the arteries of which we 
have any knowledge, actually occurs as a natural 
constituent of the body, and almost certainly inter¬ 
venes in the natural control of its functions. But 
still its instability, and the consequent evanescent 
nature of its action, while fitting it supremely for 
such a natural function, made it of very doubtful 
value for artificial application in therapeutics. And 
so the scene shifts again to the industrially supported 
laboratories, and the systematic search begins for 
allied esters of choline, with a similar but more per¬ 
sistent action. And already there is news of the dis¬ 
covery of several; of one from the laboratories of 
the ancestral house of Merck in Germany; of another, 
apparently of real therapeutic promise, from the re¬ 
search lalxiratones of this younger house of Merck, 
for the inauguration of which in their new form >ve 
have been invited here to-day. The pharmacological 
properties of this new substance, however, were first 
made clear by Simouart, working under academic con¬ 
ditions, in the laboratories of my friend, and for a 
time my close comrade in research, Professor A* N. 
Richards, of Philadelpliia. I congratulate these 
laboratories on securing the cooperation and advice of 
Professor Richards in relation to their activities in 
fundamental research. The association, as you will 
see, has a double interest for me; but I take almost 
as much in tracing the successive stages of this in¬ 
vestigation, from the academic to the industrial 
laboratories and back again, and in finding myself 
unable to suggest that the nature of the researches 
at any one stage was specially suited to an academic 
institution, and at another more appropriate to the 
function of an industrial laboratory. 

I have spoken of tlie broad differentiation of aim 
and of function between academic and industrial re¬ 
search, and of the different types of ability and of 
temperament suited to each. There are men, indeed, 
of whom we could say with confidence that the asso¬ 
ciations of academic life are necessary for their 
happiness and their efficiency in research; mad ihm 
are others of whom we could say with equal eerr 
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tointy that their beat work would be done under 
auch conditions as these laboratories provide. I be¬ 
lieve, however, that the men so easily classified are 
relatively few, and that for a large majority the 
choice will be determined by the accident of oppor¬ 
tunity, rather than by aptitude. For some of this 
majority, I suspect that the best conditions for the 
full development and maintenance of their powers of 
serving science might be provided by a successive or 
an alternating experience of the conditions of aca¬ 
demic and of industrial research. The investigator 
who has been digging himself to a standstill in an 
academic groove, might find a new mobility in the leas 
conventional suiToundings of an industrial labora¬ 
tory; while his colleague, whose inventive energies 
have grown stale from too long contact with a 
variety of practical problems, might find them re¬ 
freshed and renewed by migrating for a period to the 
calmer atmosphere of fundamental research. I be¬ 
lieve, then, that a freer iritei’change of suitable per¬ 
sonnel, if it were possible, between the academic 
laboratories and those supported by industry, might 
have an invigorating influence on both; but I speak 
of ideals, without knowledge of jiractical possibilities, 
I am sure that even a short experience of the kind 
of opportunity that these laboratones will afford 
would make some of your academic colleagues envy 
the elasticity of organization, the adaptability of 
equipment and readiness of expansion to a large 
scale of working which the industrial association can 
give. 

There are several advantages which you will have 
here over some institutions supported by memorial 
endowments. I am sure that this country must have 
bad examples of a type of large-hearted testator or 
pious founder, familiar to us in England. He rightly 
believes that he can create the most worthy memorial 
to bimself or to those dear to him by the endowment 
of medical research; but too often he wrongly be¬ 
lieves that his generous impulse brings with it a scien¬ 
tific vision and a prophetic wisdom, entitling him to 


restrict, for all time, the application of his benefac* 
tion to research on some particular problem in medi¬ 
cine, wbioh has enlisted his personal sympathies or 
stimulated his imagination. You who work here will 
be free to choose your problems, according to the 
needs of tlie time and the promise of advance offered 
by current progress in science; you will be able to 
give intensive cultivation to the fertile areas, to raise 
the crops which are likely to give good yield and put 
in the sickle where the harvest stands ripe for gather¬ 
ing. You will have the great advantage that your 
buildings can be designed and equipped, with the sole 
aim of making the most efiicient provision for the 
work which you have in hand or in near prospect. 
You begin with an eejuipment perfect for your present 
needs, and will be able to expand it as your program 
and your staff expand. I can hardly resist a feeling 
of envy at the opportunity which Dr. Major, Dr. 
Moll tor, Dr. Engels and their co workers will have, to 
concentrate their thoughts on their researches, with¬ 
out distraction by duties of administration or teach¬ 
ing, in laboratones designed so admirably for the 
needs of research and so readily adaptable to chang¬ 
ing requirements. 

Whole-time research, however, whether in an en¬ 
dowed or an industrial laboratoiy^, has its own sp^ cial 
anxieties and psychological needs. Research workers 
in an institution such as this can only give of their 
best, if they can escape from any feeling of isolation 
from the general scientific community, and can feel 
an assurance that their work is making an essential 
contribution to the general advance of medical sci¬ 
ence and practise. They will need, and I am con¬ 
fident that they will have, all the encouragement and 
friendly cooperation which their scientific colleagues 
in the academic laboratories and the clinical centers 
can give them. We wish them all success, and we con¬ 
gratulate the president, Mr. Merck, and all who have 
been associated with him, on an enterprise which we 
now launch, with high hopes, on a career of service 
to science and to the industry which supports it. 


OBITUARY 


FRED E. BROOKS 

Fred E. Brooks, associate entomologist of the U. 
S. Bureau of Entomology and nationally known 
writer on nature subjects, died at French Creek, West 
Virginia, on March 0. He had been in ill health for 
several years and the immediate cause of his death 
was a heart attack. Mr. Brooks' first scientific work 
was done as associate entomologist of the West Vir¬ 
ginia Experiment Station, where he did notable re¬ 
search work with insects affecting grapes. For some 
time he also woriced with small mammals. In 1911 he 


became associated with the U. S. Bureau of Entomol¬ 
ogy, where his main work was with wood-boring in¬ 
sects, especially those working on apple. He also 
conducted research with codling moth, the grape cur- 
culio and several nut insects. Most of his research 
work is published in bulletins of the West Virginia 
Experiment Station and of the U. S. Department of 
Agriculture. In addition to entomology he was keenly 
interested in nature generally and published many 
papers covering his observations in journals such as 
Natfire, Country Life in America, The Rural New 
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Yorker and many others. As an observer be was 
without a peer and it was in this way that he made 
iuB most notable scientific oontributions. 

C. R. CUTHIQHT 

MEMORIALS 

Tfi£ memory of John Kem Streckor, curator of 
the Baylor University Museum, was honored at Waco, 
Texas, on April 20, in a special service arranged by 
the Texas Academy of Science and participated in 
by the entire university. PJulogies were presented by 
H, B. Parks, of San Antonio, formerly state ento¬ 
mologist and secretary of the academy, and by Dr. 
Walter J. Williams, professor of mathematics, who 
was intimately associated with Mr. Strecker. The 
complete works of Mr. Strecker, assembled by the 
academy and bound in leather, were presented to the 
Baylor University Library. Included were ninety- 
throe contributions on mollusks, reptiles, birds and 
mammals. About twenty papers were incomplete at 
the time of his death. These will be brought to com¬ 
pletion by Dr. Williams and published as soon as 
possible. Mr. Strecker’s death occurred at Waco on 
’^.January 9. 

A James WArr Memorial Institute was declared 
open at Bimungham, England, on May 15, by Mr. 
Alan Chorlton, M.P., president of the Institution of 
Mechanical Engineers. The premises are a wing of 
the recently erected York House and include a lec¬ 
ture hall, a library and a committee room. When in 
1919 Birmingham celebrated the centenary of James 
Watt a fund was raised which, after paying the com¬ 
memoration expenses and the cost of a memorial 
volume, enabled the trustees to set aside £5,000 for a 
research scholarship in mechanical engineering in 
Birmingham University. A sum of £6,000 remained. 
Sir Gilbert Burling, chairman of the trustees, ex¬ 
plained that originally it was hoped to endow a chair 
of mechanical engineering at the university, which 
would have required £20,000. Eventually they vis¬ 
ualized the erection of a fine building as a memorial 
home for the various engineering societies in Bir¬ 
mingham. Unfortunately the amount subscribed was 
very much less than was contemplated. Hence the 
position had to be reconsidered. Their £6,000 had 
now grown to £10,000, and as at least £40,000 was 
needed to erect an appropriate building the trustees 
decided to proceed in a small way with a view to 


iuttm development. As a home for engineering eo*> 
oietiee the purpose of the institute would be edooa- 
tional and soientidc. To run it in a fruitful manner 
they needed about £800 a year, and they were al¬ 
ready assured of nearly £700. 

Nature reports that shortly after the death of 
Professor John Henry Poynting in 1914 a fund was 
subsoribed by his friends with the object of providing 
a memorial to him. Part of the money thus raised 
was used for the publication by the Cambridge Uni¬ 
versity Press of a volume of his ^‘Collected Scientific 
Papers,” of which a copy was presented to every uni¬ 
versity in the British Empire and to representative 
universities in foreign countries. Another part of 
the fund was used for the purchase of a portrait to 
be presented to the University of Birmingham and 
hung in the great hall of the university. The re¬ 
mainder, which was invested, together with the ac¬ 
crued interest, has been offered to, and accepted by, 
the council of the university, for the foundation of 
a Poynting lecture, to be delivered at intervals of not 
more than two years by physicists of outstanding 
distinction. 

RECENT DEATHS 

Db, William T. Councilman, Shattuck professor 
of pathology at the Harvard Medical School until his 
retirement with the title of professor emeritus in 
1922, died on May 27, in his seventy-ninth year. 

Db. John Chalmers Da Costa, for more than 
forty years connected with the Jefferson Medical Col¬ 
lege, Philadelphia, filling the Samuel D. Gross chair 
of eurgery since 1900, died on May 16, at the age of 
seventy years. 

Nature reports the death of John Maokereth, a 
deputy conservator in the Indian Forest Service, on 
May 6, aged thirty-four years, and of J. T< J. Mor- 
nson, emeritus professor of forensic medicine and 
toxicology in the University of Birmingham, on May 
10, aged seventy-six years. 

The recent death of Dr. Halfdan Bryn, Trondheim, 
is announced at the age of Bixty-i|jne years. A corre¬ 
spondent writes: “With him Norway baa lost its 
greatest anthropologist. Bryn was for acme years 
president of the Norwegian Medical Association and 
was a member of the Consultative Eugenios Commis¬ 
sion of Norway.” 


SCIENTIFIC EVENTS 


THE SCIENTIFIC SITUATION IN GERMANY 

A WIRELESS to The New York Times from Berlin 
reports that the Kaiser Wilhelm Society for the Ad¬ 
vancement of the Sciences, the foremost scientific or¬ 


ganization in Germany, which conduets thir^-tik> 
research inistitutes, h^d its twenty-second 
meeting here on May 23. It was prmded tiver by 
Professor Max Planck, who ssdd neWadagm 
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one in Qemumy ooold be permitted to atand aside, 
at reat.^’ He declared that there was only one 
watchword—^*'the consolidation of all available forces 
for the reconstruction of the fatherland.” He read 
the following message sent by the society to Chan¬ 
cellor Hitler: ''The Elaiser Wilhelm Society for the 
’Advancement of the Sciences begs leave to tender 
reverential greetings to the chancellor and its solemn 
pledge that German science is also ready to cooperate 
joyously in the reconstruction of the new national 
state.” 

Dr. Wilhelm Frick, Minister of the Interior, told 
tile scientists what the state expected from them if it 
was to look after them. '*It is the nature of scientific 
thought and research so to engross man as to expose 
him to the danger not only of becoming severed from 
the greater whole but actually losing his sense of duty 
—forgetting that he most serve the community,” he 
declared. "With all respect for the freedom of sci¬ 
ence, let us postulate that service to science must be 
service to the nation and that scientific achievements 
are worthless when tliey can not be utilised for the 
culture of the people.” 

No more scientists of Jewish extraction have been 
eliminated from the Kaiser Wilhelm Society's insti¬ 
tutes, and among the elective members of its govern¬ 
ing board three persons of the Jewish faith were re¬ 
elected. 

The investiture of Professor Ernst Krieck with the 
rectorship of the University of Frankfurt, which was 
renamed Goethe University last year, took place on 
May 23. The new rector said that in recent years the 
universities had lost a central idea, had become side¬ 
tracked and "never could have struggled from their 
paralysis but for the folk renascence. The chief 
characteristio of this rebirth is the replaoement of the 
humanistic ideal by the national and political. Now¬ 
adays the task of the universities is not to cultivate 
objective science but soldierlike, militant science, and 
their foremost task is to form the will and character 
of their students.” 

A correspondent writes from Holland: "The decla¬ 
ration against Einstein, published by the Prussian 
Academy of Sciences, was not decided upon at a ses¬ 
sion of the academy. Tactical motives may have 
caused the subsequent recognition of the declaration 
by the academy. The first declaration was signed by 
the presiding secretary, Heymann, alone. He is, 
sdong with the orientalist, Liiderr, permanent secre¬ 
tary of the Pbilosopkiisal-Historical Division. The 
seeomd declaration was signed by Heymann and Von 
Ficker; Von Ficker is one of the permanent seere- 
of the Mathematical-Pfay^l Division. The 
bpbar penosanefit secretary is Max Planck, who was in 
Italy at ihe time of the declarations.” ^ 


IN HONOR OF THE LATE STEPHEN 
TYNG MATHER 

A MOKUMSKT, erected in honor of Stephen Tyng 
Mather, first director of the National Park Service, 
was unveiled by Mrs. Franklin D. Roosevelt, on May 
27, at Bear Mountain, New York, at dedication cere¬ 
monies on the occasion of the meeting of the National 
Conference on State Parks, which was held from May 
23 to 26. Mr. Mather's widow, a resident of Darien, 
Connecticut, and his daughter, Mrs. Edward McPher¬ 
son, of Ithaca, were present at the ceremonies. 

Mrs. Roosevelt, before drawing aside the red, white 
and blue curtain which veiled the plaque, remarked 
briefly that it was "a joy to have Mr. Mather’s work 
recognised and commemorated.” The plaque is a 
bronze tablet act in the face of a mammoth boulder. 
Designed by Bryant Baker, it bears Mr. Mather’s 
profile against a backgmund suggestion of moun¬ 
tains and trees, with the dates of his life span, July 
4, 1867, to January 22, 1930. Its inscription roads: 
"He laid the foundation of the National Park 
Service, defining and establishing the policies under 
which its areas shall be developed and conserved un¬ 
impaired for future generations. There will never ^ 
come an end to the good that he has done.” 

The Secretary of the Interior Harold L, Ickes, who 
flew from Washington for the dedication, said that 
Mr. Mather’s record of achievement was 

as far flung and enduring as the great national parks 
whose true mjssion in our national life he first conceived 
and expresBod. 

Stephen Mather was a fortunate dreamor of dreams 
who had the rore chance to follow his dreams and to 
make them come true. Before ho came into our national 
park Bystem, a park was just a park, an interesting or 
beautiful expanse of woods and lakes and mountains, 
without intimate connection with the lives of the people. 

He conceived the theory that our parks should be made 
the means of preserving the health and maintaining the 
morale of the American people. 

To do what he did it was necessary not only that he 
love the mountains and forests and all the beautiful 
handiwork of nature, it was equally necessary that he 
should truly love just people. And it is hard to say 
whether he loved nature more than people or people more 
than nature. It is probably well within the truth to say 
that he loved both of them equally and that when he had 
them in conjunction be loved tlfem both supremely. 

It is keeping well within the bounds of truth to say 
that our great system of national parks and state parks 
providing, as they do, a means of out-door recreation un¬ 
equaled in the history of the world, is largely duo to the 
love of humanity and of nature that burned deep within 
the soul of Stephen T. Mather. He knew all the national 
parka intimately. He knew every employee in ibe service. 
They loved him and knew him as their friend and their 
affection anjd loyalty he returned in full measure. To the 
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extent that so many tbouaands of acrefl could feel the 
perBonal touch of any man, every section of every na- 
tional park felt the personal touch of this groat conser¬ 
vationist and lover of humanity. And they responded 
generously to that touch. 

FIELD CONFERENCE OF THE NEW YORK 
STATE GEOLOGICAL ASSOCIATION 

Thk New York State Geological Association con¬ 
vened for the ninth annual field conference on May 
12, at Newburgh, New York. In the morning thrust 
contacts of the Precambnan crystallines of the High¬ 
lands on the Paleozoic sediments were examined at 
Snake IlilJ, near Newburgh, and at Coruwall-on- 
Hudson, and the Precambnan intrusives were 
studied at the east end of Bear Mountain Bridge. 
After stopping for lunch at Mohansic Country Club, 
the cars were driven along the parkways to northern 
Manhattan and The Bronx, New York City; ex¬ 
posures of the Fordhaui gneiss, Inwood marble and 
Manhattan schist were visited. In the evening, a 
dinner was held at Columbia University in conjunc¬ 
tion with the Geology Journal Club. 

On Saturday, May 13, the first stop was at the 
diabase with included olivine zone along the state 
road above Edgewater, New Jersey. After crossing 
the Palisades, the remainder of the morning was 
spent in the Belrnont-Ournee quarry at Granton, 
where a contact of Newark sediments and intrusive 
basalt is well exposed; many specimens of the bran¬ 
ch iopod Esther!a ovata Lea and of ganoid fishes were 
obtained. After lunch in Jersey City, the party 
visited the expo.sures of the Staten Island serpentine 
and the moraines on Staten Island, New York. 

About eighty members, many of them undergradu¬ 
ates m the universities and colleges in the state, at¬ 
tended the excursion. Professor R. J. Colony, of 
Columbia University, was president. 

Q. Marsh AiiL Kay, 
Secretary 

GROUP CONFERENCES AT THE COLD 
SPRING HARBOR BIOLOGICAL 
LABORATORY 

As a part of its policy of fostering a closer rela¬ 
tionship between biology and the basic sciences, the 
Biological Laboratory at Cold Spring Harbor is in¬ 
augurating a plan, according to which it invites each 
year a group of mathematicians, physicists, chemists 
and biologists, actively interested in some one phase 
of quantitative biology, to carry on their work, and 
to engage m a group conference at the laboratory 
during the summer. The aim is that every important 
aspect of a given subject should jse adequately repre¬ 
sented from the physical and chemical, as well as 
from the biological, point of view. 

“The Potential Difference at Interfaces and its 


Bearing upon Biological Phenomena’' is the subject 
this year, and the following men will be in residence. 

Harold Abramson, biochemistry, College of Physicians 
and Surgeons, Colmnbia University. 

David B. Briggs, chemistry, The Otho S. A. Sprague 
Memorial Institute, University of Chicago. 

Barnett Cohon, physiological chemistry, Uie Johns Hop¬ 
kins School of Medicine. 

Kenneth S. Colo, physiology, College of Physicians and 
Surgeons, Columbia UniverHity. 

Stuart Mudd, bacteriology, the School of Medicine, 
University of Pennsylvania. 

Hans Muller, physics, Massachusetts Institute of Tech- 
nology. 

Eric Ponder, biology, Washington Square College, New 
York University. 

In conjunction with this meeting, a series of lec¬ 
tures and symposia will be given by members of the 
group in residence and by other invited speakers. 
The latter include: 

Robert Cliambors, biology, Washington Square College, 
New York University, 

Hugo Frieke, biophysics, the Biological Laboratory. 

Herbert S. Oasscr, physiology, Cornell University Med¬ 
ical College. 

Duncan A. Macinnes, physical chemistry, Rockefeller 
Institute for Medical Research. 

L. Michaolis, physical chemistry, Rockefeller Institute 
for Medical Research. 

W. J. V. Osterhout, botany. Rockefeller Institute for 
Medical Research. 

Donald D. Van Slyke, chemistry, Rockefeller Institute 
for Medical Research. 

The symposia will take place on each Wednesday 
in July, and on Monday, July 24, and Friday, July 
28, beginning at 10 a. m., and continuing, with ample 
time for discussion, throughout the day. Individual 
lectures will be given on other days, according to a 
schedule which may bo obtained from the laboratory. 

PROFESSOR HARRISON AS CROONIAN 
LECTURER 

Dr. Ross 0. Harrison, Sterling professor of biol¬ 
ogy at Yale University, has been invited by the Royal 
Society to give the Croonian Lecture in London, and 
will speak on a lectureship which began with Alex¬ 
ander Stuart in 1738, the roster of which includes the 
distinguished anatomists and physiologists of Great 
Britain during tv^o centuries, with very few from 
other countries. A correspondent writes: 

Professor Harrison, who last year received the honorary 
degree of doctor of science from Trinity Collegia, Univer¬ 
sity of Dublin, in recognition of the fact that in his 
own science be is one of the most famous discoverers and 
teachers of the Now World,” was the first to ^ow fhat 
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it is possible to remove groups of individual cells from 
the living bod^, and grow them in the body juices in 
such a way that their behavior can be watched under the 
microscope. This growing of groups of Uving cells is 
known as ^tissue culture^” and has constituted a groat 
step forward in the study of living cells and consequently 
in the investigation of diseases. He has employed this 
method to trace the development of embryonic cells into 
differentiated cells, and his transplantations of pieces 
taken from an embryo into another place, or even into a 
different embryo, have elucidated much that was pre¬ 
viously obscure. 

Managing editor of the Journal of ’Bxpervmental Zo¬ 
ology since its foundation in 1904, Dr. Harrison was the 
first to observe directly the outgrowth of the nerve fiber, 
showing that it is a mode of protoplasmic movement. 
His links with zoologists in this and other countries are 
many. He is a member of the National Academy of Bci 
ences and tho American Philosophical Society, a fellow 
of the American Academy of Arts and Sciences, and has 
been honored by scientific societies of Germany, Prance, 
Italy, Norway and Austria. 

Professor Harrison's most intimate connections, how¬ 


ever^ are through the students trained in the Osbom Zo¬ 
ological Laboratories at Tale. During hia directorship 
a total of 58 Ph.D. degrees have been conferred upon 
students from the department of zoology, of whom some 
forty are now professors in twenty-five institutions. In 
addition, post-doctoral research students come each year 
to Yale University to study his technique. In recent 
years they have included investigators from China, Bus- 
sia, Belgium, France, Germany, etc. 

The lectureship to which Professor Harrison has 
been invited was founded by William Croone, a auc- 
eeesful practising physician and lecturer to the Com¬ 
pany of Surgeons in London, who contributed infor¬ 
mation far in advance of his time on muscular physi¬ 
ology and the embryology of the chick. He was one 
of the founders of the Koyal Society and in the re¬ 
markable group of its early members, which included 
Sir Isaac Newton, Sir Christopher-Wren, Halley, the 
astronomer, and the two great diarists, Evelyn and 
Samuel Pepys, his contributions to the discussion of 
the society are noted in the records. 


SCIENTIFIC NOTES AND NEWS 


The University of Wisconsin will confer, at the 
annual commencement exercises on June 19, the doc¬ 
torate of laws on Dr. Arnold Sommerfeld, professor 
of mathematics at the University of Munich, and the 
doctorate of science on Dr. James Aston, professor 
of mining and mctalluigical engineering at the Car¬ 
negie Institute of Technology, Pittsburgh. 

The degree of Sc.D., honoris causa, will bo con¬ 
ferred by the University of Cambridge on the 
Marohese G. Marconi and on Sir Frederick Gowland 
Hopkins, Sir William Dunn professor of biochem¬ 
istry. 

The University of Liverpool has conferred the de¬ 
gree of doctor of science on Dr. Geoffrey Ingram 
Taylor, Yarrow research professor of the Royal 
Society, 

Poe the development and promotion of agricul¬ 
tural exploration and the introduction of new and 
valuable plants into the United States, the committee 
on the Maroellus Hartley Fund of the National 
Academy of Soienoea has awarded its Public Welfare 
Medal to Dr, David Fairchild, of the Division of 
Poreign Plant Introduction, Bureau of Plant In¬ 
dustry of the U. S. Department of Agriculture. The 
medal is given for ^'eminence in the application of 
soienoe to the public welfare.'^ 

Foe chemical research work of high signifleanoe as 
pure science and of equally high value in its prac- 
ticai i^pplioation, two research workers, Dr. F. B. La 
Forge and Dr, L. J. Haller, of the U. S. Depart¬ 


ment of Agriculture, have been awarded the Hille- 
brand Prize of the Chemical Society of WashingUm, 
for the determination of the chemical structure of 
rotenonc, a new substance used in insect poisons. 

Dr. Da\jjd Eugene Smith, professor emeritus of 
mathematics at Teachers College, Columbia Univer¬ 
sity, has been decorated by Persia for his study of the 
mathematical works and philosophy of Omar Khay¬ 
yam. 

Db. E, D. Meerill, director of the New York 
Botanical Garden, was elected a foreign member of 
the Linnean Society of London at the meeting on 
May 11. 

Dr, C. Tate Regan, director of the British Museum 
(Natural History), has been elected a foreign mem¬ 
ber of the Royal Danish Academy. 

A WIRELESS dispatch to The New York Times states 
that Professor Albert Einstein, who has received a 
professorship in the College de France, has been 
proposed for membership in the French Academy of 
Sciences. After favorable discussion, the proposal 
was postponed for inquiry as to whether Professor 
Einstein^s election was possible under the academy's 
rules, which state that before a foreigner can be 
named as an associate member he must first have 
served as a corresponding member. 

At’ a special dinner on May 5 at which the faculty 
of Harvard University and tho governing boards of 
the university and of the Peter Bent Brigham Hos- 
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pital were present, a portrait of Dr. Harvey CuBhingi 
who recently retired from the Moseley professorship 
of surgery at the university and as surgeon-in-chief 
of the hospital, was presented to the hospital, and a 
portrait of Dr. Henry A. Christian, Horsey professor 
of the theory and practise of physio and physician- 
in-chief to the hospital and from 1908 to 1912 dean of 
the medical school, was presented to the university. 

Ink>Rmal exercises were held on May 21 in the 
Chemistry Library at the University of Illinois in 
eonnection with the presentation of portraits of three 
of its distinguished chemists, Professor A. W. Palm¬ 
er, Professor S. W. Parr and Professor W. A. 
Noyes, by the Association of Illinois Chemists to the 
University of lUinois. Professor Palmer was head 
of the department of chemistry from 1894 to 1904, 
Professor Parr was professor of applied chemistry 
from 1890 to 1926, and Professor Noyes was head 
of the department from 1907 to 1926. Dr. Norman 
W. Krase, who had charge of the arrangements for 
the painting of the portraits, presided. Professor 
Roger Adams, head of the department of chemistry, 
after speaking briefly of the history of the depart¬ 
ment and of the accomplishments of Professors Palm¬ 
er, Parr and Noyes, presented the portraits to the 
university. President Harry Woodburn Chase ac¬ 
cepted the portraits. Professor W. A. Noyes related 
some of the facts connected with the development of 
the chemistry department with which he has been so 
long associated. 

PnoFEssOB Chabl.es F. Scott, for twenty-two years 
chairman of the department of electrical engineering 
at Yale University, will retire from active teaching 
in June. His colleagues held a reception on May 19 
in his honor, when Professor Russell H. Chittenden, 
formerly director of the SheflSeld Soientifle School^ 
presented a collection of letters of congratulation and 
appreciation. 

Dr. 11. A. Buehleb was the guest of honor at a 
testimonial dinner at Rolla, Missouri, on May 10, in 
celebration of his twenty-fifth anniversary as state 
geologist of Missouri. He was appointed to this po¬ 
sition in May, 1908, and has served continuously 
since that time. Dr. BuehlcPs distinguished services 
to the state and particularly his participation in the 
development of the mineral industry of Missouri were 
reviewed by a number of speakers. 

Dr. Felix d’Herellk has resigned from the pro¬ 
fessorship of bacteriology which he has held at 
Yale University since 1927. While in residence Dr. 
d'Herelle confined himself largely to the study of 
bacteriophagy as a laboratory phenomenon, since suit¬ 
able clinical material was lacking. It is the hope of 
elaboratjng his work in the clinical field, possibly at 


the nsw iiwtittite for infeetioai diaeaeea et 
Russia, which now takes him abroad. 

Dr. Loren Roscoe Chandler, of the departmAat 
of surgery at the Stanford Medical School, has been 
appointed dean to fill the vacancy caused by the re¬ 
cent death of Dr. Henry G. Mehrtens. 

Promotions at Yale University include Dr. Bbiry 
Martin Zimmerman to a professorship of pathology 
and Dr. Dirk Brouwer to an assistant professorship 
of astronomy. 

The Senate of Queen’s University, Belfast, has ap¬ 
pointed Mr. P. T. Crymble to the chair of surgery 
in succession to Professor Andrew Fullerton. 

Nature states that Dr. M. Dixon has been ap¬ 
pointed to the university lectureship in biochemistry, 
established in connection with the scheme for the em¬ 
ployment of the Rockefeller benefaction to the Uni¬ 
versity of Cambridge, and Dr. E. G. Holmes has been 
appointed to the university lectureship vacated by 
Dr. Dixon. 

Dr. Fritz Knoll, of Prague, has been appointed 
professor of botany at the University of Vienna. 

The following new full-time appointments have 
been announced in the School of Medicine, George 
Washington University: Edward Bright Vedder, pro¬ 
fessor of experimental medicine and executive officer, 
department of pathology and experimental medi¬ 
cine; Dr. William Henry Waller, instructor in anat¬ 
omy; Dr. Jesse Harmon, instructor in bioohemistiy; 
Dr. Hubert Scott Loring, instructor in biochemistry; 
Dr. James Leslie Snyder, instructor in pathology, and 
Dr. John Ralston Pate, teaching fellow in anatomy. 

Dr. James Anqub Doull, head of the department 
of public health and hygiene of the School of Medi¬ 
cine of Western Reserve University, Clevelmid, sailed 
from Vancouver on May 25, to spend the summer es¬ 
tablishing experimental work for the Leonard Wood 
Memorial Foundation for the Eradication of Lep¬ 
rosy in the Philippine Islands. Dr, Doull will work 
at Culion and Cebu, where the foundation has leper 
colonies. 

Dr. E. D. Merrill, director of the New York Bo¬ 
tanical Garden, will attend the fifth Pacific Science 
Congress, Victoria and Vancouver, B. C., as an official 
representative of the U. S. Government, the National 
Academy of Sciences, the American Philosophiccl 
Society and the New York Botanical Garden. 

Professor Arthur H. Compton gave a public 
tare at the University of Iowa on May 12 on ^^Oosim^ 
Rays on Six Oontinents.^^ He also gave two teuhnieid 
lectures on May 12 and 13 on ^^Somc Recent Bxpmir 
ments with Cosmic Raya.'' 
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l)u, OftOAE RnMOL^ of ttie department oj genetics 
vft the Carnegie Institution, on April 28 addressed 
the Brown University Chapter of Sigma Xi on ‘^Sez 
and Reproduction/' and the Biology Seminar on 
"Hormones of the Anterior Pitnitary.” 

Db. Chablks E. Stookabi), professor of anatomy, 
Cornell University, gave a lecturo at the hospital of 
Duke University on the "Peculiar Form and Type 
in Man and Animals" on April 8; on May 3 Dt, 
Otto H. F. Vollbeahr lectured on old and rare books, 
and on May 15 Dr. Arthur Steindler, professor of 
orthopedics in the State University of Iowa, gave a 
clinic on "The Low Back." 

Db. Robbbt P. Fischblis, secretary and chief 
chemist of the Board of Pharmacy of the State of 
New Jersey, will deliver the commencement address 
to the graduating class of .the Connecticut College of 
Pharmacy at New Haven, the evening of June 5. 
His subject will be "Pharmacy's Contribution to 
Public Health Service.” 

The Bakerian lecture of the Royal Society was de¬ 
livered on May 25 by Dr, J. Chadwick, who took as 
his subject "The Neutron.” 

The Geological Society of Chicago held its last 
spring meeting on May 18. The speakers were Dr. 
Theo. A. Link, Imperial Oil Company, and Professor 
C, A. Heiland, Colorado School of Mines, whose 
subjects, respectively, were the exhibits of petroleum 
geology and of geophysical methods at the Century 
of Progress Exposition at Chicago. 

Thb annual initiation dinner and meeting of the 
New York University Chapter of the Society of the 
Sigma Xi was held on May 19 at the University 
Faculty Club. Mr. Bamum Brown, curator of fossil 
reptiles at the American Museum of Natural History, 
addressed the society on "Dinosaurs of North 
America, Particularly Those of the Cretaceous 
Period." At this meeting twenty-three new mem¬ 
bers were inducted. Officers were elected for the 
next academic year as follows; Professor 

B. E. Eensliaw; FMw-prsffidcn^, Professor Charles 
W, Lytle; 8eeret€Mry-Trea8urer, Professor Harry G. 
Lindwall. 

THi luncheon given by Section C and the Chicago 
Chemists Club at the time of the meeting of the 
American Association for the Advancement of Soi- 
mice will IM at 12: 30 on Tuesday, not Thursday as 
Stated in the preliminary announcement. 

^ jSfltPoaitrM on ^Nationalism" will be held by 
Beeticm L of tiie American Association for the Ad- 
of ScimLoe in the auditozinm of the Chi- 
, ehpa l^storiaal Society at Chicago on Monday, June 
8:00 r. X. This has been organist by 


means of assistance generously provided by Dr. 
Duren J. H. Ward and the Far Reaching Foundation 
of Denver, Colorado. The presiding officer will be 
Professor James A. James, of Northwestern Univer¬ 
sity, and the speakers and their subjects will be : Pro¬ 
fessor Bemadotte E. Schmitt, University of Chicago, 
"Nationalism in European History Since the Times 
of Napoleon”; Dr. Charles A. Beard, president of the 
American Historical Association, "Nationalism in 
American History”; Dr. Albrecht Mendelssohn Bar- 
tholdy, director of the Institute of Foreign Affairs, 
Hamburg, "Imperialism, Nationalism and Interna¬ 
tional Peace.” The discussion will be led by Pro¬ 
fessors Bernard Pay, of the Coll?^ge de France, and 
Charles E. Memarn, of the University of Chicago. 

A ON E-DAT conference on problems relating to 
death from asphyriation was held at the New York 
Academy of Medicine on May 24, under the auspices 
of the Society for the Prevention of Asphyxial Death. 
Dr. Paluel J. Flagg, president of the society, was 
chairman of the conference. Dr. Linsly R. Williams, 
director of the Academy of Medicine, delivered an ad¬ 
dress of welcome. The speakers included Health 
Commissioner Shirley W. Wynne, Dr. Harrison P. 
Martland, medical examiner for Essex County, New 
Jersey; Albert W. Whitney, associate general man¬ 
ager of the National Bureau of Casualty and Surety 
Underwriters; Dr. Daniel J. Donovan, chief surgeon 
of the New York City Police Department, and Dr. 
Yandell Henderson, professor of applied physiology 
of the Yale University Medical School 

The annual excursion of the Physiographers and 
Geographers Club of New York City took place on 
May 20 as a bus trip for the purpose of studying the 
Triassic Basin of New Jersey, under the guidance of 
Dr. Bertram T. Butler, of the College of the City of 
New York. All the rock formations of tiie Triassic 
were studied in various quarries, the intrusive Pali¬ 
sade and Sourland Mt. ridges were visited as well as 
the surface lava flows forming the Watchung ridges. 
The large river systems, including the Delaware, were 
surveyed. Several volcanic centers, as Cushetunk Mt. 
and Bellvale, wore included. Professor J. E. Wood¬ 
man, of New Yo:4 University, is president of the 
dub; the secretary is Dr. Anna Welnitz, An innova¬ 
tion was the taking of moving pictures covering the 
details of the Triassic structures. 

As previously announced, the undergraduate in¬ 
struction in forestry at Cornell University is to be 
abandoned, and such work is to be concentrated in 
Syracuse University. Now it is officially stated that 
the Syracuse University College of Agriculture is to 
be discontinued. 

Thb Board of Estimate of New York X)ity has 
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voted to set aside a plot of city-owned land in Man¬ 
hattan Square, near the American Museum of Nat¬ 
ural History, as a site for the museum’s planetarium, 
a project to be financed through a Reconstruction 
Finance Corporation loan. The board stipulated 
that when the construction cost of the project is re¬ 
paid through feeii collected from the public, the 
property should revert to the city. The R. F. C. 
has approved a loan contingent upon the city’s pro¬ 
viding the site. Trustees of the museum recently 
organized an American Museum of Natural History 
Planetarium Authority to direct the project, naming 
the Mayor and other city officials to serve with 
officers of the museum. 

The sum of 2,000,000 kronas (about $400,000), has 
been bequeathed for the purpose of erechng a build¬ 
ing for the Technical Museum of Stockholm by the 
**Knut and Alice Wallenberg Foundation,” created 
by the Swedish banker, Knut A. Wallenberg, and 
Mrs. Wallenberg. The conditions attached to the 
donation are that the government should place build¬ 
ing space at the disposal of the museum free of cost 
and that the work in order to reduce unemployment 
should be begun as soon as possible, in any case be¬ 
fore the end of 1934. According to Science Service 
the Technical Museum of Stockholm is at present 
temporarily housed in the Royal Swedish Institute 
for Engineering Research, the head of which is Com¬ 
mercial Counsellor Axel F. Enstrbrn, one of its active 
supporters. The director, T. Althin, has gradually 
brought together a collection of objects and exhibits 
illustrating the origin, history and development of 
the present technical methods and inventions. The 
majority of these objects owing to lack of space has 
been stored in different parts of the city, but will 
now be exhibited in the new museum. It will be con¬ 
structed in three stories with a floor space of about 
8,000 square meters and will, when ready, be the 
leading institution of its kind in the north. It will 
also contain spacious lecture rooms and a library. 

An expedition to Huadelupe, an island belonging 
to Mexico and lying off the coast of Lower Cali¬ 
fornia, to hunt specimens of elephant seal, largest of 
all seals, for a proposed group to be installed at 
the Field Museum of Natural History, sailed from 
San Diego, California, on May 28. The expedition 
is being made aboard the yacht Velero Ill, a 1,000- 
ton ship about 200 feet long, owned and commanded 
by Captain G. Allan Hancock, of San Diego, who 
has placed the vessel at the disposal of the mu¬ 
seum for this expedition. Captain Hancock and Dr. 
Harry M. Wegeforth, president of the Zoological 
Society of San Diego, have made all arrangements 
for carrying out the project. Two members of the 
Field Museum staff, Julius FrieSser and Frank C. 


Vou 

Wonder, joined the expedition at San Diego. The 
government of Mexico has issued permits to the ex¬ 
pedition to collect the giant seals, which are rare and 
are under protection to prevent their extermination. * 

Nineteen fellowships have been awarded by the 
New York State College of Forestry for the years 
1933-34. Each scholarship carried a grant of $500. 
Two men have been given a one-semester award in 
order to complete their work. Six of the scholarships 
will be for a Ph.D. degree and the balance for mas¬ 
ter’s degrees. These men are considered by the faculty 
to be especially qualified to take up advanced work. 
All recipients of the fellowships agree to give iiSiBtruo- 
tional assistance or do routine departmental work not 
to exceed fifteen hours a week. The holder of the 
fellowship is expected to devote his full time for the 
period of his appointment as outlined by the com¬ 
mittee on scholarships. 

Museum News states that the Newark, New Jersey, 
Museum has curtailed its activities as a result of a 
out in the city appropriation from $100,000 to $65,- 
000. Eighteen trained staff members and eight other 
assistants have been dropped from the rolls. Salaries 
have been cut 25 per cent. The lending work of the 
educational department, which last year made 32,000 
loans of objects to Newark schools, has been discon¬ 
tinued, also the work of the extension department 
through which loans of small exhibits have been made 
to stores, churches and other organizations. The 
museum wiU be open to the public from 12 to 5 daily, 
except on Mondays. Daily gallery talks and the 
hobby work will be continued and the museum’s 
activities centered on making as full use as possible 
of the museum building and equipment. 

The London Times reports that Dr. A. Maher, 
Keeper of the Irish Antiquities in che National 
Museum, Dublin, in the course of excavation work at 
Store Park, Ballyglass, County Mayo, on Saturday 
unearthed a stone cist, containing the skeleton of a 
man of powerful build, about 6 feet high. The find 
turned out to be a cist burial of the early Bronze 
Age, dating back 3,000 years. In the same oist a 
small clay-baked urn, which differs from any in the 
National Museum and is decorated with strange 
markings, was discovered. From the position of the 
bones it appears that the man was buried in a 
crouched position, the typical manner in which the 
dead were placed in Ireland during the Bronze Age. 
The skeleton and urn have been acquired for ^e 
National Museum, and will be scientifically examined 
in the near future. This is the second Bronse Ag$ 
burial to be discovered in this neighborhood in the 
same week. 
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CONSERVATION VERSUS PRESERVATION 
Thk Yellowstone Park Act of 1872 refers to 
^^preservation from injury or spoliation of all timber, 
mineral deposits, natural curiositiee or wonders 
within the park, and their retention in their natural 
oondition/’ It was apparently considered illegal to 
eaxry on any ^^controF’ measures under the old law. 
The National Park Service Act, 1916, states that the 
purpose “is to conserve the scenery and the natural 
and historic objects and the wild life therein and to 
provide for the enjoyment of the same in such man- 
ner and by such means as will leave them unim¬ 
paired for the enjoyment of future generations/^ 
The Secretary of the Interior was further authorized 
to remove timber, control attacks of disease and in¬ 
sects and to provide for the destruction of such plant 
and animal life as may be detrimental to the use of 
the parks. This was very unfortunate legislation, as 
the confidence in beneficial results from such “con¬ 
trol” has, since that time, materially weakened. 

Many people conceive of the National Park Service 
08 a conservation organization. To conserve, as the 
term is now most frequently used, means to preserve 
while in use and it often implies ultimate depletion. 
In actual practise the operations carried on in the 
name of conservation are not designed to preserve 
the natural order but to establish aud maintain a dif¬ 
ferent order as regards kind and abundance of plants 
and animals present. The difference between preser¬ 
vation is well illustrated in a recent publication by 
Wright, Dixon and Thompson,^ who advocate the 
preservation of the birds and mammals in national 
parks. They point out the importance of dead timber 
to various birds and mammals, and the need of such 
timber for numerous invertebrates might well be 
added. Conservation as usually practised removes 
dead and mature timber, while preservation lets 
nature take its course. 

In a series of suggestions by the authors mentioned 
nearly all the ordinary '‘conservation" views are re¬ 
versed; 

Every species shall be left to carry on its struggle for 
existence unaidod, os being to its greatest ultimate good, 
imlesB there is real cause to believe that it will perish if 
nxiluMisted. 

No native predator shall be destroyed on account of 
its normal utilization of any other park animal, except¬ 
ing if that animal Is in immediate danger of extermina¬ 
tion, and then only if the predator Is not itself a vanish¬ 
ing form. 

jfhe authors of the report farther advocate the en¬ 
couragement of vtsitors to see animals; e.g., bears in 

Fauna of the National Parks of the United 
States,^' Oontribtttian of Wild Life 3urvey Fauna Series 


their natural surroundings rather than about a gar¬ 
bage pile. 

The conservation idea may reasonably be extended 
to cover the preservation processes described in this 
recent publication. If so, one may conceive of the 
maintenance of exotic pheasants in South Dakota as 
very near the zero point of the conservation of nature 
with most other so-called conservation measures not 
far above this level. A nature sanctuary in a national 
park or national forest in which every effort was 
made to preserve a sample of original nature without 
disturbance may well stand at the top of the con¬ 
servation series. 

In nature sanctuaries the natural fluctuations of 
organisms are allowed free play and serve among 
other things to show what natural fluctuations in 
abundance are like. There is or has been so much 
interference with natural processes in the form of 
“control” of this and that organism that the student 
of “wild life” management who would seek a basis 
for more scientific treatment of the animals in his 
charge, is left without guiding principles or reliable 
information and will continue thus until the preserva¬ 
tion measures advocated by Wright, Dixon and 
Thompson with additional measures of equal im¬ 
portance are put into effect in as many nature re- 
serves as possible. V. E. Shelfobd* 

NOTES ON A SPHAGNUM BOG AT FORT 
BRAGG, CALIFORNIA 

The farthest south sphagnum bog which the writer 
has seen on the Pacific Coast is located about three 
miles east of Fort Bragg, which is on the coast, about 
126 miles north of San Francisco. It is from 200 to 
400 feet or more in width and is perhaps three fourths 
of a mile long. The bog occupies an irregular de¬ 
pression in a fiat about 300 feet above sea-level. A 
creek originates in the bog and flows into the Noya 
River which flows into the ocean at Fort Bragg. The 
soil of this flat is almost pure sand known as 
Mendocino sand. 

The bog is in a young stage of development in which 
the aspect is mainly given by Ledum columbianum, 
forming a dense growth four or five feet tall, and a 
large sedge (Carex sp.) which is a little taller than 
the Ledum and b equally abundant. Scattered Myrica 
oalifornioa, mostly five to ten feet tall, occurs much 
as in the bogs of the Oregon coast, and a low growth 
of Gaultheria Bhallon is also found. A robust spe* 
cies of Sphagnufii forms a dense growth among the 
Ledum and Carex and forms many hummocks. The 
herbs identified are Drosera rotundifoUa, Hypericum 
anagdlloidee^ JAlium maritimum and Gentiana sp. 

sOhahtnan of the Committee on the Freservatlon of 
Natural Oonditions, Ecological Society of America. 
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The forest succession comprises small scattered trees 
of the three species— Oupreaav^ pigmya, Pinua 
muricata and Ptnus contorta. The first of these is 
the dominant one, though the last one shows occasional 
larger individuals (30 feet or more tall). Young 
specimens of the dominant tree (3 feet or less in 
height) are as abundant os the older ones (20 feet or 
more in height). 

The plant community surrounding this bog is a 
scrubby forest of small trees (mostly 40 feet or less 
in height) forming a dense growth. It is largely 
Cupresatts pigmya, but there is some Pinus contorta 
and an occasional specimen of Pinus muricata. The 
shrubby undergrowth in this forest is largely Myrica 
californica, Ledum columhianum and Gaultheria 
shallon. The first two of these grow much taller in 
the forest tlian in the bog. Herbs occurring in both 
forest and bog are LiUum maritimum and Gentiana 
sp. This forest forms a belt about two miles wide 
on the level stretch of Mendocino sand. Back of this 
is the redwood forest on good soil. 

Borings made in this bog near the origin of the 
creek show three strata of peat, (a) A surface layer 
of living sphagnum, under whicli is dead sphagnum, 
little disintegrated and much mixed with roots of 
Ledum and Car ex. This layer of living and dead 
sphagnum is mostly 12 to 18 inches deep, (b) A 
layer of sedge peat with many small roots and some 
wood. The depth of this layer is mostly 1.5 to 2 
feet, (c) A mixed layer of mud clay, sand and wood 
about 4 feet deep. The wood in this layer, like that 
in (b), is in a fairly good state of preservation. The 
boundaries between these layers are not very distinct. 
The bonngs were made with a Davis peat borer, and 
the large amount of wood encountered made samp¬ 
ling very difficult. 

Evidently this bog has been formed in a relatively 
flat, shallow ravine by a dense growth of sedges and 
other swamp vegetation on the accumulated mud, sand, 
clay and remains of woody plants. The sphagnum 
is a comparatively recent invader. Drainage in this 
bog is better than that in most Pacific Coast bogs and 
this may account in part for its lack of maturity. 

Fort Bragg has wet winters and dry summers. The 
average monthly and annual precipitation in inches 
(37 years^ record) is as follows: January, 7.71; Feb¬ 
ruary, 6.89; March, 4.89; April 2.45; May, L49; 
June, 0.42; July, 0.08; August, 0.04; September 0.81; 
October, 1.80; November, 5.01; December, 6.11; 
annual, 37.70. The only snow reported during the last 
17 years is 1.0 inch in January, 1923. No tempera¬ 
ture data are available for Fort Bragg, but the 45 
years* record at Eur^a to the northward shows an 
average of 51.40® F, and the 41 years* record of Pt. 
Reyes of 52.5° F, The monthly data for Eureka 
are as follows: 




Jan. 

Feb. 

Mar. 

Apr. 

May 

Average 


47.1 

47.0 

48.4 

50.0 

52.2 

Highest 


77 

85 

78 

79 

78 

Lowest 


20 

24 

29 

31 

35 

June July 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

54.5 

55.7 

66.2 

65.7 

53.6 

51.1 

47.8 

65 

76 

79 

82 

84 

81 

70 

40 

43 

45 

36 

35 

27 

24 


The maximum recorded at Pt. Reyes is 98° (Septem¬ 
ber) and the minimum 30° (March). All the above 
data were furnished by the U. S. Weather Bureau 
office at San Francisco. 

The character of this bog is of interest in the gen¬ 
eral problem of the occurrence and coarse of devel¬ 
opment of sphagnum bogs along the North Paeifie 
Coast of America. It is reported that sphagnum 
forms considerable growths at various points in the 
forests of the coast of northern California, but de¬ 
tailed information about bogs formed by it is not 
available. This bog has much in common with the 
coastal bogs of Oregon, though it has not reached 
the somewhat mature stage shown by many of the 
Oregon bogs. Its forest succession resembles that 
in bogs of Oregon and Washington in including Ptmw 
contorta but differs strikingly from them in the oc¬ 
currence of Cupresaud pigmya. The climatic condi¬ 
tions under which it has developed do not differ 
g^reatly from those under which the bogs of Western 
Oregon and Washington have developed. 

The writer made his study of this bog on August 
26, 1931. His first information in regard to it was re¬ 
ceived from Mr. W. O. Corbitt, and valued assistance 
in its study was given by Mr. V. B. Davis. He will 
welcome further informatibn in regard to the oeour- 
rence of sphagnum areas in California. 

GwoRoa B. Rfflo 

XJntveesity or Washinoton, Sbattim 

SEDIMENTATION AND SEpiMENTOLOOY 

Thd terms ‘^sedimentology” and '^sedimentation** 
are subjects of comment by W. H. Twenhofel in tl^ 
Bulletin of the National Research Council, Report of 
the Committee on Sedimentation, 1930-1032, p. 18* 
Dr. Twenhofel considers the terms ''sedimentation** 
and "sedimentationist” as more fitting designations 
than "sedimentology*' and "sedimentologist** for '^the 
range of geologic processes concerned in the 
tion of the sedimentary rocks” and for "a student of 
sediments,” respectively* He rejects "sedimentolCfy^ 
because it contains "roots from two languages-** 

The choice of terms is perlaaps not of great impr- 
tanoe for the present. Zt has seemed adviasUb, 
ever, to reconsider the quostdoni beesusc^ lObsteiM 
term is now adopted, it win be dilBetdt to 
once entrenched in the litsraturo* 
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WvaA, a mmor ec^moticm of Br. Twenbofd’s state¬ 
ment is needed. In my artiole '^Sedimentation and 
Sedimentology/’ in Soikkce of January 1,1932, "sedi- 
mentology^’ was not proposed as a designation for 
^the range of geologie prooessee concerned in the 
formation of the sedimentary rooks,” hut as a desig¬ 
nation tor the snbjeet concerned with these processes. 

The term '^sedimentology’^ bad previously been so 
rarely used in geological literature (3 or 4 times), 
that I believe most geologists were not aware of its 
ffidstenoa After my artiole appeared in Soiskos in 
January, 1932, I learned that the term ''sedimentol- 
Ogy” was first introduced some ten years ago by Dr. 
A, C. Trowbridge, who, in “American Men of 
Science/’ has listed sedimentology as one of his major 
subjects. 

Et 3 anologioally hybrid formations are not uncom¬ 
mon. In my earlier article in 6 ci£NOe^ glaciology was 
mentioned as an analogy to sedimentology. “Sociol¬ 
ogy/’ “vulcanology” and “stratigraphy” are hybrid 
formations which in the past have been used without 
objection. Since “terminology” itself is a Latiu- 
Greek formation, there seems to be no reason for dis¬ 
qualifying the term “sedimentology,” especially since 
the latter, in the interest of non-ambiguity and logical 
consistency, is superior to “sedimentation” as a term 
for the subject. Hybrid formations are also fre¬ 
quently found in the German language, which permits 
such combinations as Ssdimentge 9 teine, Sediment- 
petrographu/* etc. 

All standard dictionaries state that sedimentation 
is an act or process of depositing sediments. The 
use of the term “sedimentation” also for the subject 
concerned with processes of sedimentation and forma¬ 
tion of sediments, ancient or recent, is a violation of 
the principle of non-ambiguity, and is therefore more 
objectional than the use of a hybrid formation. There 
is a distinct diilerenoQ between the glaciation of North 
America and the glaciology of North America, or 
better, the glaciation of Greenland and the glaciology 
of Greenland. In analogous manner, differentiation 
should be made, for instance, between the sedimenta- 
tiim of the Meriean Gulf and the sedimentology of 
the Mexican Gulf. 

The choice between “sedimentologist” and “sedimen- 
tathmifit” as designations for a student of sediments 
i# not entirriy a matter of taste. The terms “Vul- 
and« “Neptunist” designate two old schools of 
geologists, f.c., these terms signify advocates or as- 
Aeirtoxs of certain theories rather than students of 
eertaia subjects. The sole ending does not always 
a student or one versed in a particular sub- 
. There is generally a difference between a social- 

. a symboliBt and symbologist, an 


idealist and ideologist Generally, the ending 4ogy 
signifies a theoretical, scientific, analytical, philosophi¬ 
cal study, and the ending -legist usually denotes a 
student or one versed in the subject. 

Another objection to “sedimentation” is that it does 
not readily permit the formation of derivatives corre¬ 
sponding to “sedimentologio” and “sedimentologioal.” 
These adjectives are useful for such expressions as 
“sedimehtological (or “sedimentologic”) research,” 
“sedimentologioal investigations,” “sedimentologieal 
theories,” etc. 

In eonelusion, retention of “sedimentation” for the 
act or process of deposition of sediments, and adop¬ 
tion of “sedimentology” as a term for the subject 
concerned with these processes will tend toward clear¬ 
ness. A new term entirely of Greek composition is 
not likely to bo accepted. 

“Bedimentography” is herewith introduced as an 
additional term signifying the descriptive branch of 
sedimentology, i.e., that part which deals with the 
minute phases, megascopic and microscopic features, 
textures and classification. 

Hakoji Wadell 

MECHANICISM, VITALISM AND THE 
GROWTH OF BACTERIA 

Much has been written about the chemical nature 
of growth, and in this connection unicellular and 
higher cold-blooded organisms have received especial 
attention^ The fact that the rate of growth, metabo¬ 
lism and activity of such organisms increases with a 
rise of temperature, to the optimum, in a similar 
manner to the thermal acceleration of a chemical re¬ 
action, has justly received emphasis. 

It is not the intention of this note to detract from 
the progress which has been made toward the expla¬ 
nation of life processes on purely physical and chem¬ 
ical bases. Least of all would we wish it to be con¬ 
sidered as a partisan contribution to that threadbare 
discussion of “vitalism” and “mechanism,” After all, 
it is probable that most of the functions of living 
matter which can not now be accounted for phys¬ 
ically or chemically are obscure simply because of the 
defiriencies in our scientific conceptions. 

Bacterium coli grows actively at 45** C. and also 
at 10^ C., the rate of reproduction being about thirty 
times as fast at the higher temperature. It is known 
that actively growing bacteria continue to grow at the 
same rate when transferred to sterile medium of the 
same composition. On purely chemical grounds one 
would expect that if a transfer were made from an 
actively growing culture at 10*^ C. to sterile medium 
of the same composition at 45° C., growth should im¬ 
mediately be accelerated to the rate cbaracteristio of a 
culture growing at this temperature. This, however, 
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is not the ease. Such a treatment induces a 
before growth of the culture can again proceed, and 
some of the cells die before the adjustment is made. 
Within one hour, however, reproduction is under way 
at a rate characteristic of a 45^ C. culture. 

If an actively growing culture at 45® C. is trans¬ 
ferred to sterile medium of the same composition at 
10° C., more striking results are obtained. In this 
case there occurs an extensive mortality among the 
young bacterial cells—sometimes exceeding 95 per 
cent, of the total. As is well known, such a drop 
in temperature has no effect upon ‘^mature” bacterial 
cells. 

A fact brought out by these experiments, which is 
perhaps new and certainly not generally appreciated, 
is that abrupt environmental changes within the range 
of growth of an organism may prove lethal to the 
young of the species. The ^‘hardening” of young 
greenhouse plants by subjecting them to low tem¬ 
peratures, so they may later survive freezing, is a 
practise which rests on conclusive experimental data. 
But that environmental ffuctuations within the natural 


range of growth may be fatal to the young organism 
has not been so clear. 

A point of more interest is the fact that the young 
bacteria growing at 10® C. are not so extensively 
killed when changed to 45® G. as are those growing 
at the higher temperature when changed to the lower. 
This indicates a greater hardiness in those grown at 
the lower temperature. That this is indeed the ease 
has been proved by other methods. 

The experiments on which this communication is 
based constitute a part of a series which was planned 
in order to test a hypothesis, long held by us, that 
slow growth should lead to a more perfect adjustment 
of an organism to its environment and, therefore, to 
greater viability. While the greater viability of the 
cells grown at low temperatures, as compared with 
those grown at higher temperatures, has been estab¬ 
lished, it is not conclusively proved that the difference 
is due to the slower growth rate. Proof of this point 
would convey broad implications. 

James M. Sherman 
George M. Cameron 

Cornell University 


REPORTS 


HONORS CONFERRED BY THE FRANKLIN 
INSTITUTE 

At the Medal Day exercises of the Franklin Insti¬ 
tute of the state of Pennsylvania, held in the hall of 
the institute in Philadelphia on the afternoon of Wed¬ 
nesday, May 17, fourteen honors which had been 
awarded during the institute year were presented to 
thoir recipients or representatives of them. The 
medalists were drawn from three foreign countries as 
well as from the United States. The awards were 
aa follows; 

A certificate of honorary membership was presented 
to Mr. Alfred Eigling, of Philadelphia, Pennsylvania, 
in recognition of a half century of helpful and intelli¬ 
gent service as librarian and assistant secretary of 
the Franklin Institute, during which long term of 
duty well done he has been a pillar of strength to the 
institute, a source of comfort to the discouraged and 
of knowledge to the ignorant, a librarian amazingly 
informed oonceming his library and a kindly gentle¬ 
man skilful and eager in friendly service to his fel¬ 
low men. 

A certificate of merit to Dr. Henry Selby Hele- 
Shaw, of Liondon, England, in consideration of his 
development of a superior filtering device involving 
stream-line principles. The British consul, Mr. Fred¬ 
erick Watson, received the certificate. 

A certificate of merit to Mr. Arthur F. Poole, of 
Ithaca, New York, in consideration of his combina¬ 
tion in a battery-operated dock, of known mecha¬ 


nisms, that has produced a clock in which the swing 
of the pendulum is the driving force of the gears con¬ 
trolling the hands, and also determines the frequency 
of the impulse, that requires battery renewal at long 
intervals only and that is an accurate time-keeper. 

The fourth presentation of the day was that of an 
Edward Longstreth Medal—founded in 1890 by Ed¬ 
ward Longatreth, of Philadelphia—to Mr. Howard 
L. Ingersoll, of the New York Central lines of New 
York City, in consideration of his development of the 
locomotive booster to a state in which it gives valu¬ 
able aid to locomotive performances and railroad 
service, 

A second Longstreth Medal was presented to Dr. 
Dunlap Jamison Mo Adam, Jr., of the Bureau of 
Standards, Washington, D. C., in consideration of the 
fact that Dr. McAdam has provided information that 
satisfactorily explains certain structural failures, has 
developed formulae and diagrams to illustrate the 
complex relationship of the influences of stress on 
corrosion, and has done more than any one else to 
establish the fundamental principles of corrosion 
fatigue, coupled with the fact that the information 
provided has already been usefully applied and 
should have wide future practical application. 

Three John Price Wetherill Medala-Hfonnded in 
1926 by the family of the laite John Price Wetherill— 
were next presented: the first to Messrs. Henry S« 
Halbert, Francis C. MoMath and Robert B. MeMkth» 
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of the McMath-Hulbert Observatory of the Univer- 
sky of Michigan, Lake Angelua, Michigan, in oonsid- 
eration of their design and construction of novel 
apparatus for the nmking of motion pictures of as¬ 
tronomical subjects, which have proven of value in 
the teaching and popularization of astronomy. 

A Wetherill Medal was presented to the Industrial 
Brownhoi&t Corporation, of Bay City, Michigan, in 
consideration of the high degree of ingenuity in de¬ 
sign and execution of detail, embodied in a successful 
machine for cleaning railway ballast resulting in a 
real contribution to railroading and the solution of a 
maintenance problem of great moment, especially 
under traffic oonditaons of extreme density. 

The Wetherill Medal was presented to the Koppers 
Company of Delaware, of Pittsburgh, Pennsylvania, 
in consideration of the development of systems for 
the liquid purification of gases, the success of which 
is evidenced by the number of such installations in 
regular use. 

A Louis Edward Levy Medal—^founded in 1923 by 
the family of Ijouis E. Levy, of Philadelphia—was 
next presented to Mr. Leon S. Moisseiff, of New York 
City, for his paper entitled ^‘The Design, Materials 
and Erection of the Kill Van Kull (Bayonne) Arch,^^ 
published in the May, 1932, issue of the Journal of 
the Franklin Institute. 

A George R. Henderson Medal—founded in 1S)24 
by the widow of George R. Henderson, of Philadel¬ 
phia—was presented to Mr. Olho C. Duryea, of the 
O. C. Duryea Corporation of New York City, in con¬ 
sideration of the meritorious railway engineering and 
the novel feature embodied in the invention of the 
Duryea Railway Car Cushion Underframe. 

The Howard N. Potts Modal—established in 190C, 
by will of Mr. Potts, a Philadelphia lawyer—^was 
awarded to Mr. Igor I. Sakorsky, of the Sikorsln^ 
Aviation Corporation of Bridgeport, Connecticut, in 
consideration of his pioneer work and inventions in 
the development of multi-motored airplanes of various 
types, for different uses, including amphibians and 
the largest combined planes for land and water ser¬ 
vice, and of his method of direction control of a 
multi-motored machine by the use of an automatic 
stabilizer. 


One EUiott Cresson Medal—^founded in 1848 by 
Mr. Elliott Cresson, who was very much interested in 
the work of the Franklin Institute, this award being 
highly prized and next to the Franklin Medal in im¬ 
portance—was awarded this year to Sehor Juan de la 
Cierva, of London, England, in consideration of the 
original conceptions and inventive ability which have 
resulted in the creation and development of the auto¬ 
giro. 

The Franklin Medal was founded in 1914 by Sam¬ 
uel Insull, Esq., of Chicago, Illinois, a long-time mem¬ 
ber and friend of the Franklin Institute. This medal 
is to be awarded to those workers in physical science 
or technology, without regard to country, whose ef¬ 
forts, in the opinion of the institute, have done most 
to advance a knowledge of physical science or its 
application. 

The Franklin Medals are awarded each year, 
usually to an outstanding scientist of the United 
States and to some scientist from some other coun¬ 
try. This year the first Franklin Medal was awarded 
to Dr. Orville Wright, of Dayton, Ohio, in recogni¬ 
tion of the valuable investigations carried out by him 
and his brother, W^ilbur, from which they obtained 
the first reliable scientific data concerning the prin¬ 
ciples of fiight and the design of aeroplanes, upon 
which they constructed the first heavier than air 
machine which flew by its own power under human 
control. 

The Behind Franklin Medal was awarded to Dr. 
Paul Sabatier, dean of the Faculty of Science of 
Toulouse University, Toulouse, France, in recognition 
of his numeioua and fruitful contributions to the gen¬ 
eral field of chemiatry and especially to organic chem¬ 
istry, in which he discovered the catalytic activity of 
finely divided common metals and devised methods 
for their use in science and industry. Dr. Sabatier 
was unable to come to America to receive his medal 
in person. He was represented by the councillor of 
the French Embassy in Washington, Monsieur Jules 
Henry. 

On the evening of Medal Day, the Franklin Insti¬ 
tute held a dinner at the Bellevue-Stratford Hotel in 
honor of the medalists of the day. About seventy-five 
guests were present. 


SOCIETIES AND MEETINGS 


THE OHIO ACADEMY 07 SCIENCE 

Thb forty-third annual meeting of the Ohio Acad¬ 
emy of Science was held on April 14 and 15, on the 
beautiful campus of historic Ohio University, Ohio’s 
oldest university, at Athens, Ohio. To the surprise 
of many the attendance was probably the largest in 
the history of the academy, there being some 360 


registered members and visitors, besides quite a few 
who forgot to register. 

This meeting concluded the presidency of Dr. R. A. 
Budington, Oberlin College, Oberlin, Ohio, the two 
outstanding events of whose very successful adminis¬ 
tration were the formation of a new section, namely, a 
section of chemistry, under the inspiration and leader- 
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ship of I>r. William Lloyd Evans, of Ohio State Uni¬ 
versity, and the sponsoring by the academy of a 
series of radio talks by members of the academy on 
various popular scientific topics, made possible 
through the courtesy of the broadcasting station 
WEAO at Ohio State University, Columbus. 

The general meetings of the academy were favored 
with four interesting lectures, one on the evening of 
the 13th by Professor P. J. Roos, of Ohio University, 
on **Architecture in Ohio”; two on Friday morning, 
one by Dr. F. C. Waite, of Western Reserve Univer¬ 
sity, on “The Early History of the Microscope” and 
the other by Dr. S. Charles Kondeigh, of the Baldwin 
Bird Research Laboratory and Western Reserve Uni¬ 
versity, on “Toleration of Low and High Tempera¬ 
tures by Birds.” The fourth was the presidential 
address given before an overflowing audience on Fri¬ 
day evening al the annual dinner by President Bud- 
ington on “The Innocence and Guilt of Science.” In 
addition to these general lectures, some 146 papers 
were read in the eight sectional meetings held on Fri¬ 
day and Saturday, some by distinguished scientists 
from outside of the state. The attendance at these 
sectional meetings was very large, in some instances 
overtaxing the capacity of the meeting place, The 
demonstrations and exhibits were unusually interest¬ 
ing and elaborate, notably the exhibit of insects of 
southeastern Ohio. 

The organization of a section of chemistry and the 
presence of a large number of eminent chemists from 
the leading universities and colleges of the state added 
much to the success and importance of the meeting. 
We also note with pleasure the presence of a largo 
number of members of the Central Ohio Physics Club, 
Professor G. E. Owen, of Antioch College, president. 

The following members of the academy were elected 
to fellowship in the academy, viz,: David Dietz, Rush 
Elliott, Robert A. Keboe, Roderick Peattie, and Wil¬ 
liam C, Stehr. 

At the final business meeting on Saturday morning, 
24 now members were received into the academy, and 
the election of officers for the coming year resulted 
as follows: 

President, Dr. E. Lucy Braun; Vice presidents — 
zoology, Neale F. Howard; botany, Orville T. Wilson; 
geology, William A, P. Graham; medical sciences, 
Robert A. Kehoe; psychology, Richard S. Uhrbrook; 
physics and astronomy, Ray Lee Edwards; geography, 
Roderick Peattie; chemistry, William Lloyd Evans; 
Secretary, William II. Alexander; Treasurer, A. E. 
Waller; Elective Members Executive Committee, R. 
A. Budington and James P. Porter; Trustee Beseareh 
Fund, Alpheus W. Smith; Publicationa Committee, 
F. 0. Grover, J. E. Carman and S. W. Williams; 
Library Committee, F. C. Bhike; Committee on State 


Parks, Edmund Seerest, H. C. Sampson and Emery 
R Hayhurst; Save Outdoor Ohio CasmeU, Herbert 
Osborn and E. N. Tranaeau. 

It is worthy of note that this is the first time in 
the history of the academy that the aoadmiay has 
honored itself by the election of a woman as its 
president. 

W. H. AXiEXAKDBB, 

. Secretary 

THE ILLINOIS STATE ACADEMY OF 
SCIENCE 

Th£ twenty-sixth annual meeting was held at the 
Broadview Hotel and Senior High School, East Bt. 
Louis, Illinois, on May 5 and 6. The meeting was at¬ 
tended by nearly 700 persons, inoluding about 150 
high-school students, members of high-school science 
clubs affiliated with the junior section of the academy. 

General addresses were given by: Harry F. Fergu¬ 
son, president of the academy and chief sanitary 
engineer, State Department of Public Health, on 
“The Future of the Illinois Academy of Beience”; 
Dr. M. B. Visscher, professor of physiology, Univer¬ 
sity of Illinois College of Medicine, on ^^edioal 
Science, its Past, Present, and Future”; Dr. Frank J. 
Jirka, director of the State Department of Public 
Health, on “Advances in the Science of Public 
Health”; Dr. Harry B. Hoffman, director, Behavior 
Clinic of the Criminal Court of Cook County, on 
“Psychiatry in the Criminal Courts of Cook Coimty.” 

There were 105 scientific papers on the program in 
10 sectional meetings. The program of the agricul¬ 
ture section, arranged by H. W. Mumford, dean of 
the College of Agriculture, University of Illinois, was 
a symposium on the subject, “Problems of the Soy¬ 
bean Industry.” The economics section, under the 
direction of W. H. Voskuil, mineral economist, Illinois 
State Geological Survey, held a symposium on 
“Problems of the Illinois Coal Industry.” 

Six field excursions were held on Saturday, May 
6:. (1) An anthropological trip to the Cakokia 
Mounds State Park, under the direction of A. B. 
Kelly, University of Illinois; (2) a botanical trip to 
the Missouri Botanical Gardens, directed by H S* 
Pepoon, State Natural History Survey; (3) a chemi^^^ 
cal trip to the Monsanto Chemical Works, directed 
by Percy J. Hill, East St. Louis; (4) a geographical 
trip to study the water factors in the geography of 
the East St. Louis district, directed by Lewie V. 
Thomas, Washington University, St Louis; (5) a 
geological trip, directed by M. M. Lrightop, chief, 
Illinois State Geological Survey, to study the ,ooel 
measures and glacial geology of the East 8t Lonis/V 
district, the Dupo anticline and oil field, and the hitter ^ 
stone mine on the Vahneyer oiitielinei and (fi) € > : 
physice trip to the Cahokia Ptmeet Plant 
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TIm iollawiag resolution was adopted by the 
aoMemy: 

I, WhereaSt this Academy has at an earlier meeting 
adopted resolutionfl concerning the eetablishing of Na¬ 
tional Forest units in the State of Illinois, be it resolved 
that the academy assembled in Annual Meeting on May 
5th| 1688, reafElm its interest in and active support of 
a policy looking toward the development of forestry 
consearvation within our state. Be it further reaffirmed 
that this Academy stands ready to offer its support to 
both State and Federal Agencies in furthering the estab¬ 
lishment of adequate programs of forest conservation. 

II. As a body of more than one thousand persons in¬ 
terested in science, the Illinois State Academy of Science 
takes this opportunity to affirm its interest in and con¬ 
cern for the welfare of all scientific work of the various 
state agencies. Be it therefore 

Seiolved, that this body go on record endorsing the 
past and projected programs of research and studies 
carried on by the various educational institutions, scien- 
tide surveys and other research organizations under state 
direction. Be it farther Sesolvcd that the State Legis¬ 
lature be urged to continue to extend adequate financial 
support to these organizations. Further be it Besolved 
that the Legislatiya Committee of this Academy be in¬ 
structed to work for all matters of legislation favoring 
these agencies and to oppose all untoward legislation 
threatening the progress of education and of science in 
the State. 

The following were chosen officers for the year 
1633-34: 

Pre§ident: B, Smith Hopkins, chemistry, University of 
XlUnois. 

First VtOB’prenident: Charles H. Behre, geology, 
Northwestern University. 

Sdorotory: Harold B. Wanlees, geology, University of 
lUinois. 

Tfcoswrer; George D. Fuller, botany, University of 
Ohieago. 

Fditor: Dorothy E. Rose, State Geological Survey, 
Urbana. 


the medioal soiences, 16; and in psychology and edu¬ 
cation^ 12, malting a total of 121. 

The annual prize of fifty doUars was awarded to 
S. A. Wingard, of the Virginia Polytechnic Institute, 
for a paper entitled, **The Production of Bust-Be- 
sigtant Varieties of Beans by Hybridization,’’ and 
honorable mention was accorded to a paper by A. N. 
Vyssot^y and Emma T. A. Williams entitled “Color 
Indices and Integrated Magnitudes of Fifteen Bright 
Globular Clusters.” These awards carry added sig- 
nificance this year because of the unusually high 
quality of the papers in competition with them. 

The research comnuttee reported that during the 
year the following g^nts in aid of scientific research 
had been made; Jesse W. Beams, physics, University 
of Virginia, $150 \ J. C. Forbes, biochemistry, Medical 
College of Virginia, $75; J. M. McGinnis, psychology, 
Hollins College, $40; C. C. Speidel, anatomy, Uni¬ 
versity of Virginia, $100; N. Beverly Tucker, chem¬ 
istry, Virginia Military Institute, $50; I. A. Updike, 
chemistry, Bandolph-Maeon College, $75. 

A noteworthy item in the year’s work is the in¬ 
crease in the number of junior (or student) members, 
the number having increased from 54 to 116. There 
were also two papers presented by junior members 
and two exhibits of their work were shown. One was 
an array of totally cleared anatomical and zoological 
specimens and the other was an inexpensive, labora¬ 
tory-built apparatus for the fixation of atmospheric 
nitrogen. ' 

Dr. William A. Kepner, of the University of Vir¬ 
ginia, was elected president for the coming year, Dr. 
William T. Sanger, of the Medical College of Vir¬ 
ginia, president elect, and Professor D. Maurice Allan, 
of Hampden-Sydney College, member of the oounoiL 

Following the meeting rather extensive field trips 
were made by the committee on the flora of Virginia 
and by members of the geology section. 

E. C. L. MtlTiBb, 
SeetBtary 


It was deoi^fid to hold the twenty-seventh annual 
meeting of the academy at Decatur early in May, 
1934i Dr, J, H, Bansom, of James Univer¬ 

sity, will serve as chairman of the edmmittee on local 
arrangements. 

HAftou) B. Wak^bss, 
Secretary 


TH9 VIROINXA ACADEMY OF SCIENCE 
Tsm Virginia Aeademy of Seienoe held its eleventh 
l^ual meeting at tlm State Teaohers College, 
^ SMeriokslmrg, Virginia, on May 5 and 6, with a 
of 320. In the section of astronomy, 
; and physics 87 papers were presented; 

17; in^^emistry^ 17; in geology, 15; in 


THE TENNESSEE ACADEMY OF SCIENCE 
Ths thirty-second meeting of the Tennessee Aead¬ 
emy of Science was held at the Beelfoot Lake Biolog¬ 
ical Station of the academy on April 28 and 29. The 
feature of the meeting was qn address by The Very 
Beverend I. H. Noe, dean, St. Mary’s Episcopal 
Cathedral, Memphis, in dedication of the John T. 
McGill Laboratory Building. This building is named 
in honor of Dr. John T. McGill, professor emeritus of 
chemistry at Vanderbilt University and secretary- 
treasurer of the Tennessee Academy of Science. In 
thus dedicating this building recognition is given to 
Dr. M<^11 of his many years of valued work in and 
for the academy and particularly of his efforts which 
resulted in toe establishment in 1631 by the state of 
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Tennessee of the Heelfoot Lake Biological Station 
under the management and control of the Tennessee 
Academy of Science. The John T. McGill Laboratory 
is a modernly equipped building containing four 
laboratories fitted with proper work tables, cabinets, 
aquaria, etc., several stock and preparation rooms, 
and a large assembly room. This laboratory, located 
on the east side of Reelfoot Lake in Qbion County, 
lies in a region which represents well the water and 
land fauna and flora of the Mississippi bottom. It is 
a few minutes walk from the comfortable Walnut 
Log Lodge, where special rates are available for 
workers at the laboratory. Tt is the policy of the 
executive committee of the station to allot free work¬ 
ing space in the laboratory for research work of 
scientific interest. Application should be made to Dr. 
A. R. Bliss, Jr., University of Tennessee Medical 
School, Memphis, Tennessee. 

In addition to the dedicatory exorcises, approxi¬ 
mately thirty papers were presented during four 
sessions of the meeting. These interesting programs 


were composed of reports on research work tin 
diversified subjects and were preseniod by representa¬ 
tives of the following institutions: The University of 
Tennessee, Memphis; Southwestern University; 
George Peabody College; Vanderbilt University; 
Tennessee Department of Public Health; U. S. De¬ 
partment of Agriculture; Lambuth College; West 
Tennessee Teachers College; Freed-Hardemau Col¬ 
lege; University of Tennessee Junior College, Martin; 
State Teachers College, Murfreesboro. Numerous 
groups made field excursions both on the lake and 
into the surrounding woodlands for the collection of 
specimens and material from this interesting terri¬ 
tory. Those trips and the congenial atmosphere of 
the Walnut Log Lodge contributed not a little to the 
success of the meeting. The academy is indebted to 
Dr. A. R. Bliss, Jr., and his committee on arrange¬ 
ments for making possible one of the most pleasant 
and successful of the academy meetings. 

Francis G. SuiCK, 
President 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A TELEPHONIC DROP COUNTER 

The drop counter here described operates on the 
mechanical contact principle, but uses a telephone 
transmitter as the contact m'echanism in place of the 
conventional metal vane making contact in a pool of 
mercury. The small current variations of the trans¬ 
mitter are amplified by a powerful vacuum tube relay, 
which gives a large current output sufiicient to operate 
any type of recording apparatus. 

Fig. 1 represents a Western Electnc telephone 



Fig. 1. Transmitter with vane attached to diaphragm. 

transmitter with the rubber mouthpiece removed. A 
triangular vane of thin mica or celluloid, about 6x7 
cm, IS fastened at its center to a light celluloid 
spindle some 7 cm long, and the lower end of the 
spindle is cemented to the diaphragm of the trans¬ 
mitter with celluloid-acetone cement. The vane is 
mounted parallel to the diaphragm and about 5 cm 
above the top of the transmitter to- allow a layer of 


sound-deadening cotton to be spread over the trans¬ 
mitter. The transmitter is laid in a boxful of cotton 
to prevent outside vibrations from actuating the 
mechanism, and the pipette is adjusted so that the 
drops fall on the vane. 

Fig. 2 shows the electrical system used to amplify 



Fio. 2. The amplifying system of the apparatus. 


the current variations of the transmitter. A is the 
transmitter, B a IJ volt dry cell, C a microphone 
transformer with a 60 to 1 ratio between secondary 
and primary, D the bias battery of 9 volts made of 
two 4i volt C-batteries in series, E is the amplifying 
tube, F the filament supply transformer, G the out¬ 
put connections and H the 110 volt supply leads. 

The amplifying tube is a General Electric Thyra- 
tron FG-17, a mercury ionization vacuum tube of 
peculiar properties which operates on raw 110 volt 
alternating current and requires no B-battery. In 
this device the plate current does not follow the grid 
voltage up and down aa in the ordinary amplifying 
tube, but no plate current at all flows until the grid 
voltage reiiches a certain value, when the meteury 
vapor suddenly ionizes and an output of about 50 
watts results. The tube oonsequmitly is an exeeRent 
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off-^and-on relay, and is well adapted to many record¬ 
ing and controlling processes in the laboratory. The 
output is half-rectified alternating current, which 
operates most direct current magnets satisfactorily. 
The tube fits an ordinary 4-prong radio tube socket, 
but the plate connection is made to the metal knob on 
top of the tube instead of the plate contact on the base. 
Filament current at 2.5 volts and 6 amperes is sup¬ 
plied by a small transformer to be had at any radio 
supply store, and no rheostat is necessary. The out¬ 
put circuit of the tube should contain a 50 ohm re¬ 
sistance to limit the current flow to 0.5 ampere in case 
of a short circuit, since the filament can be ruined by 
excessive current passed through the tube. 

In operation the current to the Thyratron is turned 
on, and the tube allowed to heat for 3 or 4 minutes 
until the contained mercury is vaporized. The micro¬ 
phone battery is then connected and the apparatus 
is ready to work. As the current through the trans¬ 
mitter and primary of the transformer may amount 
to 25 milliamperes, the microphone battery should be 
disconnected when not in use, and for long runs one 2- 
volt cell of a storage battery may be used for 
economy’s sake. There are no adjustments to be made 
when the apparatus is in operation. The response of 
the Thyratron to each drop can be made longer or 
shorter by a decrease or increase in the negative bias 
impressed on the Thyratron grid by the bias battery 
D, so that the lepgth of time the current continues for 
each impulse can be set for the inertia of the moving 
parts in any recording apparatus. The value of 9 
volts for the bias battery is an average which will 
give a quick magnet response to drops falling as 
rapidly as they can without coalescing into a stream. 

The apparatus is not at all critical in its adjust¬ 
ment; in fact, the transmitter has a great excess of 
sensitivity, and with its normal battery voltage of 4.5 
volts and a small negative bias in the grid circuit will 
operate the Thyratron when a sheet of paper is 
rustled before the uncovered mouthpiece. The wires 
from the transmitter to the amplifying set and the 
wires of the output circuit can be made of any con¬ 
venient length, since moderate resistance or capacity 
affects these circuits but little. It is convenient to 
mount the pipette at the edge of a table and let the 
drop fall about 30 inches to the transmitter resting 
on the floor. 

The use of the apparatus is not confined to drop 
counting, but it can be adjusted to make a record of 
the fall of any body large enough to shake the 
diaphragm. When adapted to sound recording by an 
increase in the sensitivity of the transmitter, it can 
be used to pick up the ticks of a pendulum and send 
0tit time signals, to respond to a single note when the 
^transmitter is placed in a tuned resonator, to record 


sounds in general, or to operate mechauioal devices 
at a definite level of sound-intensity. Laboratory 
woikers may find the apparatus useful in ways not 
contemplated in the present application. 

Clak£itc£ F. Graham 

Albavtt, N. Y. 

A DISINTEGRATOR FOR YEAST CELLS 

A SIMPLE device to break up yeast cells is desirable 
in order to obtain certain growth-promoting factors 
wliich are not available without rupture of the cell 
wall. Such an apparatus can be made from glass 
rod and tubing with a few rubber connections and a 
suitable motor. The accompanying diagram shows 
the structure of the apparatus. 



A rather conoeotrated suspension of yeast placed 
in the reservoir (4) flows by gravity through a long 
bearing (5) in which a vibrating sh^t (3) is revolv- 
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ing. Ab the material drops from the bearing into 
the receiver (9), it is transported by a current of 
inert gas through a return tube (7) to the reservoir 
(4) from which it may again flow between the shaft 
and bearing. This continuous circulation and re- 
grinding is maintained until an examination of the 
material in the reservoir by the hanging drop or 
Gram stain methods shows that suflicient disintegra¬ 
tion has occurred. 

A number of details are essential to the success of 
the operation. A smooth bearing and shaft r unning 
without vibration at high speed have very little effect 
on the yeast cells. The surfaces of the bearing and 
shaft must be roughened by rubbing them with moist 
carborundum powder (lOO mesh) before assembling 
the apparatus. About 0.1 g of the abrasive is added 
to 20 Gc of suspension to insure keeping these sur¬ 
faces rough. Vibration is produced by a vibrating 
joint. The occasional addition of a drop of octyl 
alcohol to prevent foaming is sometimes very effective 
in securing a relatively high concentration of the de¬ 
sired factors. Pyrex glass is used throughout to avoid 
the marked change in acidity which is caused by soft 
glass and to increase the life of the apparatus. It is 
desirable, although not essential, to permit the liear- 
ing to project part way into the liquid in the reser¬ 
voir. An opening blown in this tube just above the 
stopper prevents any dead space. A current of nitro¬ 
gen, air or other suitable gas is passed through a 
bubble counter and humidifier containing distilled 
water. A convenient rate is 3 to 5 bubbles per sec¬ 
ond; but when the shaft and bearing have become 
worn, a more rapid rate may be desirable to prevent 
the fonnation of any considerable column of liquid in 
the return tube. If gas bubbles up between the shaft 
and bearing, either the clearance between the two is 
too great or the current of gas has not been rapid 
enough to prevent accumulation of fluid in the re¬ 
ceiver and return tube. The motor is run at 3,000 
to 4,000 r.p.m.; the speed depends somewhat on the 
action of the vibrating joint, which should not become 
violent enough to damage the bearing. 

The average length of run has been five hours. 


Examination showed that 50 to 75 per cent, of tbe 
eeUs had disappeared within 90 minutes and 90 per 
cent, in 300 minutes. The disintegration is most effi¬ 
cient with the more concentrated sospensioziB, sinoe 
the rate at which the cells are raptured depends ap¬ 
parently on the probability of a cell being pinched 
between the rotating, vibrating rod and the rough 
bearing surface. After centrifugation and filtration 
through a Berkefeld filter, the turbid sterile filtrate 
is used without undue delay. The apparatus may he 
used for disintegration of other biological materials 
and for securing intimate contact and mixing in 
chemical reactions involving combination of a gas with 
a suspended solid where continuous exposure of new 
surface is desired. 

Explanation of the DtAORAii 

The dimensions given are those of an apparatus 
which gave consistently satisfactory results, but there 
is no apparent reason why many of them could not be 
altered: (1) Moto]>^ '*Sew motor’' with its rheostat 
was used; (2) vibrating joint: a 2 inch length of 
glass tubing connected securely to the shaft of the 
motor with rubber tubing and to ^3) with a two inch 
length of heavy rubber tubing; (3) disintegrator 
shaft, a straight rod or capillary tube 27 cm by 7.8 
mm; (4) reservoir, a 12 cm by 3 cm glass tube at¬ 
tached to the bearing by a number 6 rubber stopper; 
(5) bearing, a straight tube 22 cm by 10 mm outside 
diameter, wall thickness, 1 mm; (6^ return tube in 
three sections, 3 mm outside diameter; (7) gas outlet, 
identical with (6); (8) gas inlet; (9) receiver, con¬ 
structed from a 6 X 3 inch side arm test-tube either 
by sealing a 17 cm section of the return tube to the 
base as illustrated, or (10) by cutting off the base of 
the tube smoothly, flanging the edge, and using a 
number 4 stopper to connect the return tube. 

WlIiUJAM F. BRnOB 
The Booksfeller Institute for 
MSD lOiJi Bbseaboh 
Department of Animal and 
Plant Pathology 
Princeton, N. J. 


SPECIAL ARTICLES 


THE DEVELOPMENT OF ORGANIZED 
VESSELS IN CULTURES OF 
BLPOD CELLS 

In an experiment in which blood cells were placed 
for incubation in culture flasks containing a mixture 
of blood plasma and Tyrode solution, the usual tech¬ 
nique for the cultivation of the leucocytes^ was 

1 A. Carrel and A. H. Ebellng, ‘ * Pure Oalturos of Large 
Mononuclear Leucocytes,'* .low, JSmp. Mod., 36: 865, 
1922. 


slightly modified in that coagulation was allowed to 
take place spontaneou^y and without the castofhary * 
addition of embryonic tissue juice. Later, the cttlttnee, 
were found to contain numerous, highly oxganhmd, 
tubular processes that projected out from the oriffibal 
explant. A year ago, Hueper and BueseU* re^rM 

sW. C. Hueper and U, A. Biiss^, ** 

Formatloas^ ia tissue OnltareB of 

Ifii 4d7, 1988. , f; 
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tti» appeftratm of siinilar struotirres in a oertain xMar- 
oantage of ^^bnooisyte” onltures,* some of vhioh had 
been prepared in the same manner as those referred 
to above. The phenomenon was but casually studied 
by them, however, and no attempt was made to deter¬ 
mine the oonditions under which it ooeurred. It 
seemed naoeaaary, therefore, to study the matter anew 
and to aseertain the exact conditions under which the 
structures arise. It is the purpose of this oommuni- 
cation to present the information thus far obtained. 

The cells were taken from blood drawn from the 
carotid of adult chickens according to the procedures 
regularly employed in the preparation of plasma. 
After centrifugation, and the subsequent removal of 
the cell-free plasma yield, the thin superficial layer 
of plasma containing the buffy coat of leucocytes was 
coagulated by the addition of a drop or two of em¬ 
bryonic tissue juice. A few minutes later, this layer 
could then be removed as a disk and out into small 
fragments for the preparation of the cultures. Each 
fragment consisted of a layer of white cells together 
with such red cells as remained adherent to them. In 
some oases, the red cells were separated, as completely 
as possible, from the fragments and discarded. In 
other oases, a considerable quantity of them was 
allowed to remain. 

The fragments were placed in flasks to which plasma 
and Tyrode solution had previously been added. In 
a few instances, the plasma was replaced by serum, 
thereby eliminating all possibility of coagulation. In 
certain experiments in which plasma and Tyrode solu¬ 
tion were used, a trace of embryonic tissue juice was 
added in order to induce rapid coagulation. In others, 
substances were introduced that would stimulate the 
cells to great activity without the immediate coagula¬ 
tion of the medium, as, tryptic digest of fibrin. 
Some of the cultures comprising these various experi¬ 
ments were allowed to remain for a time at room tem¬ 
perature prior to incubation at 37® C. Others were 
placed in the incubator the moment they were pre¬ 
pared. 

These experiments have disclosed the fact that the 
formation of the capillary-like structures is, in the 
beginning, a purely physical phenomenon dependent 
upon the response of the cells to gravity, the oonsis- 
tentig of the medium, and the surface peculiarities of 
Jikb individual cells. As soon as fragn^ents containing 
both red oldls and leucocytes have been placed in a 
plasn^. mixture that does not coagulate immediately, 
certain cells, in passing from a higher to a lower level, 
mttiate a gmle^^ outflow from the central mass into 
the inmnmdiiv medium. Bed oells have smooth sur- 

\ jftAitboiiKgli apt implied by the title of .thdU' report, 

.every cell type pteient in the 


faces and easily shift their position. Leucocytes, on 
the other hand, being capable of independent locomo¬ 
tion, adhere to one another and to solid structures. 
They may, however, be swept along in a current of 
red cells. 

The configuration assumed by the outfiowing blood 
cells depends upon the consistency of the medium and 
the elevation of the fragment above the general level 
of that medium. If the medium is composed of serum, 
the cells flow out from all sides as when a vessel 
bursts that contains a viscous fluid. In the presence 
of plasma, however, the outfiowing cells may take 
every conceivable form ranging from broad, fan-like 
disseminations, through short, stalky, bud-like projec¬ 
tions to long, slender ones. It will not be possible at 
this time to describe more than one type of forma¬ 
tion, namely, that which results in the subsequent 
development of a long, slender tube. 

At one or more points on the margin, a few cells 
become dislodged and break away from the fragment. 
Their places are taken by those behind. If the pi-oxi- 
mal impact is great, these cells are also pushed out 
into the medium. A general streaming begins. Each 
cell that is forced out follows in the wake of those 
that have gone before. They may proceed in single 
file, or abreast of one another, but always over exactly 
the same route. This route assumes the nature of a 
tunnel-like passage through the plasma. As long as 
the cells jj in the lead are being pushed forward by 
those from behind, they will continue to advance 
through the medium until it coagulates. The moment 
coagulation occurs, however, the oells in the lead, 
being unable to make further progress, edme to a 
stop. If coagulation occurs before the proximal out¬ 
flow has ceased, the passage will remain open and 
unobstructed, despite the fact that the cells in transit 
may be widely separated If the pathway is only par¬ 
tially filled with oells, they may be made, at any time, 
to flow in either direction by manipulating the flask. 
After this happens, the force of the outflowing colls 
may still be so great that a large spherical expansion 
is formed at its distal end. Enlargements may also 
appear elsewhere along the tube. Very often it may 
be completely ruptured, and occasionally, short 
branches are found. ^ 

All this may occur within half an hour after the 
cultures have been prepared. As soon as the sur¬ 
rounding medium has become firmly coagulated, how¬ 
ever, now further change occurs either in the length 
of the tube or in its diameter. The structures do not, 
as Hueper and Busaeir'^ have reported, continue to 
gro# upon further incubation. 

Up to this point, the development of the tubules 
depends solely ax>on the rapidity with which the 
plasma coagulates. A culture held at room tmnpera- 
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ture develops tUl>ules in greater number and of 
greater length than a sister culture incubated immedi¬ 
ately. Their development is not suppressed by sub¬ 
stances that enhance cell activity unless they induce, 
at the same time, the immediate coagulation of the 
medium.' Embiyonic tissue juice prevents their for¬ 
mation by producing immediate coagulation. 

So far, the tubules have no definite walla. These 
begin to be formed very shortly after coagulation has 
taken place in the medium. The walls do not arise as 
a direct transformation of the fibrin clot. Instead, 
they are formed by the activity of living cells, or cell 
products, the so-called thrombocytes, that have been 
deposited along the course of the tubule. Where there 
are gaps between the cells confined in the tubule, these 
minute bodies may be seen to spin out fine hair-like 
filaments at the interphase between the lumen of the 
tubule and the surrounding coagulura. It is believed 
that the fibrin of the plasma clot serves as a support¬ 
ing structure upon which the thrombocytes lay down 
their fiber-Iike strands. Out in the surrounding 
medium, these small corpuscles produce similar 
strands, but here at random. The majority of them 
tend to agglutinate. Very often, the agglutinated 
masses become joined together by numerous threads. 

After a few days, the red cells within the capillary¬ 
like formations become progressively phagocytized by 
the macrophages. Eventually, these in turn escape 
into the surrounding medium, sometimes through 
definite breaks in the walls, but more often by way 
of their proximal ends. When the tube has become 
empty, as may occur after 4 or 5 days, any number 
of macrophages may remain spread out over its outer 
surface. In this position, they bear striking resem¬ 
blance to the much discussed cells of Rouget. At 
times, they arc so numerous that their undulating 
membranes seem to fuse with one another, giving the 
impression of an unbroken syncytium. If the cultures 
were fixed and stained at this moment, their nuclei 
might easily be mistaken for nuclei present in the 
wall. This apparently accounts for the statement of 
Hueper and Russell® that the wall itself becomes 
nucleated. This has not been confirmed. When, as 
may eventually happen, these Rouget-like cells wander 
away, they leave a fibrous wall that is quite devoid of 
any cellular structure whatsoever. 

Occasionally, the wall is incompletely formed, the 
fibrillar strands being kid down over a single portion 
of the original pathway. At other times, a single 
cord of fibrous material may extend along one side 
of it, or even this may be absent. Invariably, how¬ 
ever, its lumen remains open and filled with the cl^ 
fluid that has diffused in from the medium. 

To summarise: Isokted blood cells, in a plasma 
Bubstratmn, are capable of constructing highly organ¬ 


ised channels that are analogous to the blood oapil- 
lanes of the oiganiBin. Raymond C. Psrkes 

The KocKEncLiiEE Institute 
roR Medical Research 
New York Oity 

LAMINAR DESTRUCTION OF THE NERVE 
CELLS OF THE CEREBRAL CORTEX 

One of the structural characteristics of the cerebral 
cortex is that it is composed of a number of layers 
of nerve colls. Generally a fundamental subdivision 
in six layers is accepted nowadays. 

Very little is known as yet about the functions of 
these various layers. It is known that in the giganto- 
pyramidal area of the cortex (field 4 of Brodmann) 
the giant pyramidal cells of the fifth layer give rise 
to most of the nerve fibers descending into the spinal 
cord as the fibers of the pyramidal tracts. It is as¬ 
sumed on the basis of histological evidence that the 
three or four outer layers are predominantly receptive 
in function and that the two inmost kyers more par¬ 
ticularly subserve efferent functions. Perhaps a few 
additional, although indeed less probable assumptions 
could be made, but that would be all. Our factual 
knowledge of the functions of these various layers is 
as yet very restricted. This is largely due to the 
stupendously complex structure of this tissue, but also 
to the fact that until now no method has been avail¬ 
able which permitted an experimental attack upon 
the various layers of the cortex, and by that a direct 
approach to their respective functions. 

In this preliminary paper I want to describe briefly 
a simple method which makes possible destruction, 
at will, of consecutive layers of the nerve cells of the 
cerebral cortex, i.c., of either its first two superflckl 
layers, or of the first four, or of all the six kyers. 
This is possible by applying heat locally to the ex¬ 
posed cortex for a very short period. It was found 
that heating to 90®-100® C. for five seconds results 
in death of all the nerve cells in the heated area 
throughout the whole thickness of the cortex, and that, 
by heating it to about 70® C, for from one to two 
seconds, it is possible to kill the nerve cells of only the 
two superficial layers. 

The apparatus used in these experiments is very simple. 
The copper tip of an ordinary electric soldering-iron is 
sawed off so that a rectangular surface of appropriate 
sise (5x7 millimeters) is obtained. This surface can 
be heated to any temperature suitable for our purposes, 
by taking off the proper voltage from a potentiometer- 
rheostat (of f.i. 600 ohms, 1 Amp.) plugged into a power 
outlet. For special purposes copper tips of various siie 
and shape are used, which can be screwed into the stem 
of the soldering-iron. A series of settings of tiie rheostat 
was establiriied for a few suitable temperatures (60, 7p, 
80, 00, 100^ a) for each type of copper tip u^ed. The 
temperatures of the tips were determined in the Ulual 
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way ifirith thermocouples asd a ballistic galvanometer. 
These escperiments were performed on monkeys (Maeaous 
rhetue) under sterile conditions; the animals were killed 
after one or two weeks and the changes in the cerebral 
cortex studied by the Nissl method.^ 

The lesions are found to be strictly localized to the 
heated area. It shows as an encapsulated area, 
sharply marked off from the surrounding normal cor¬ 
tex by a wall of proliferated connective tissue and 
blood-vessels. The nerve cells within this area have 
all disappeared; those immediately outside this wall 
of connective tissue show a normal Nissl picture. Of 
great interest is the foot that the neuroglia inside the 
damaged area is not killed, but is found to have 
reacted to the heating by proliferation. Even a tem¬ 
perature of 130® C, applied for ten seconds does not 
kill the cortical neuroglia. 

This method of laminar thermo-coagulation of the 
cerebral cortex, as it might be called, results, there¬ 
fore, within a wide range of temperatures, in a 
sharply localized, selective destruction of the nervous 
elements. By selecting a suitable temperature and a 
suitable period of application of the heat it is pos¬ 
sible to destroy, at one’s discretion, the nen'ous ele¬ 
ments, the nerve cells and their processes, in consecu¬ 
tive layers of the cortex. 

Details can not be given in this preliminary paper; 
suffice it to point out that this method permits a new 
attack upon many important problems in the fields 
of physiology, anatomy and experimental pathology 
of the cerebral cortex. 

J. G. Dusskr de Barenne 

Yale Univeebity 

LITHIUM IN SEA WATER 

CoMpABATiVELT little is known concerning the dis¬ 
tribution of the rarer alkali metals in nature in spite 
of the intrinsic interest of the subject. Beyond the 
fact that the order of occurrence is probably Na, K, 
Li, Rb, Cb, Va, no quantitative data are available to 
enable us to assign numerical ratios to this series. 
Even in the case of sea water, which has been exten¬ 
sively studied by so many investigators since the be¬ 
ginnings of chemistry, quantitative determinations of 
the alkalies, lithium, rubidium and caesium are prac¬ 
tically non-existent, and virginium has only recently 
been discovered. Analyses by Schmidt,' frequently 
quoted in works on oceanography and geochemistry, 
give values as high as 0.04 per cent, of rubidium in 
sea salt, but examination of Schmidt’s original paper 
shows that his results are based upon indirect analysis 
with a very high probable error. Qrandeau,® who 
found rubidimn in bqet root, failed to detect the 

11 am greatly Indebted to Dr. Harry M. Zimmerman, 
of the department of palhblogy, for the preparation and 
help in interpretation of tm histological material. 

ijMunidt, Ball. Aock*. Betersoaiy, 24; 231, 1878. 

« drsn^u; Coeip, Mend*, ^31 1100, 1661. 


element in sea water and also mentions Bunsen’s 
failure to find it. 

So far as the authors know there is no published 
account of even the detection of caesium in sea water. 
In some works on oceanography its identification is 
attributed to Sonstadt, but in every such case the 
writer has overlooked Sonstadt’s^ admission that the 
speetrum lines he thought were due to caesium were 
actually given by strontium. 

As far as is known, the authors report in this paper 
the first quantitative determination of lithium in sea 
water. In this procedure a liter sample is used. The 
calcium and magnesium are removed by precipitation 
with sodium carbonate. This precipitate is dissolved 
and reprecipitated in order to avoid the possibility of 
loss of some of the lithium with the carbonates. 

The filtrates from the two precipitations are com¬ 
bined and evaporated, the magnesium carbonate which 
continues to precipitate as the solution evaporates 
being removed by filtration from time to time. When 
the volume is about 100 ml the solution is filtered and 
acidified with hydrochloric acid. The evaporation is 
then continued in the acid solution. 

When sodium chloride begins to separate the solu¬ 
tion is cooled, and an equal volume of ethyl alcohol is 
added, which precipitates much of the sodium chIoil.de. 
This is filtered off, washed with a little 50 per cent, 
alcohol and evaporation of the filtrate continued. The 
sodium chloride is reserved for subsequent treatment. 

When Medium chloride again begins to crystallize 
fixim the solution, the above procedure is repeated, 
and this is continued until the volume is about 10 ml. 
The precipitation may also be accomplished with 
hydrogen chloride gas. 

At this point all the sodium chloride which has 
been removed is dissolved in water and reprecipitated 
by the same process of alternate evaporation and 
addition of alcohol until the volume of solution re¬ 
maining is about 5 ml. This is added to the 10 ml of 
filtrate from the first procedure. Reprecipitation of 
the sodium chloride is necessary to avoid loss of some 
of the lithium with the sodium chloride. 

An equal volume of alcohol is added to the com¬ 
bined filtrates and the solution is saturated with dry 
hydrogen chloride. The greater part of the remaining 
sodium chloride and sulfate and some potassium is 
removed by this operation, and the solution is 
evaporated to dryness. 

It is now necessary to remove the remainder of the 
magnesium. The residue from evaporation is dis¬ 
solved in 20 ml of 50 per cent alcohol, 2 ml of normal 
sodium carbonate solution is added, and the solution 
is boiled. The precipitate is filtered off, dissolved 
and reprecipitated to avoid any possible loss of 
lithium. The combined filtrates from the two pre- 

«Sonstadt, Chem* 22; 25, 1670; ibid,, 22: 44, 

1870. 
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eipitationa are aoidi&ed with hydroohlono aeid and 
evaporated to dryness. The residue is dissolved in a 
minimum amount of water^ alcohol is added until the 
volume is 10 ml and the solution saturated with dry 
hydrogen chloride, filtered and the sodium chloride 
washed with absolute alcohol. The filtrate and wash¬ 
ings are evaporated to dryness. 

The residue, weighing a few milligrams, consists 
largely of potassium chloride and sulfate, some 
sodium and magnesium chlorides, and contains the 
lithium. 

Complete separation of the lithium and its dii^eet 
determination is impracticable, but it may be esti¬ 
mated by use of the spectroscope with comparative 
ease. The authors use an atomizer (zerstauber) espe¬ 
cially designed to spray a solution into the air inlet 
of a blast lamp so that the spectrum may be ob¬ 
served continuously. 

The solution rises by capillary action in the tube A 
(Fig. 1) which is open at the point B and sealed oflf 



Fig. 1. Apparatus used Ln the quantitative spectrum 
analysis for lithium. 

just below this point. The air blast produces a fine 
spray, and a small quantity of this is carried up 
through C into the burner. The opening at D per¬ 
mits any excess to drain back without interfering with 
the passage of the spray into the tube. The tube 
sealed into the side allows solutions to be added dur¬ 
ing the course of the analysis. The lower part of the 
apparatus is made of glass, but the burner proper is 
of brass. 

The residue containing the lithium is moistened 
with a drop of hydrochloric acid, dissolved in two 
milliliters of water and washed into the reservoir of 
the atomizer with an additional two milliliters of 


water. Then, while the speetrum is hong obeervefi, 
a 3 N solution of potassium chloride is added until 
the red potassium line at 7666 A is of sensibly the 
same intensity as the red lithium line 6708 A. This 
requires some skill and judgment, since the lines are 
of somewhat different color. With practise, however, 
results with known quantities of lithium con be dupli¬ 
cated with an accuracy comparable with other methods 
of quantitative spectrum analysis. 

This method is also useful for estimating small 
quantities of strontium in the presence of much eal- 
cium, using the blue lines of the two elements. 

The solution is removed quantitatively from the 
atomizer (the quantity which was used in the burner 
is negligible), evaporated, and the residue weighed as 
potassium chloride. 

This entire procedure is duplicated with a synthetie 
sea water containing a known quantity of lithium 
and a ratio established between the lithium and potas¬ 
sium, which will give equal intensity to the two lines. 
This ratio will depend upon the apparatus and to 
some extent upon the experimenter. The authors 
found a value of 2; 10,000. Since the quantity of 
potassium chloride actually weighed is relatively large, 
the results are unaffected by the small amounts of 
sodium and magnesium which may be present 

In this way the lithium in sea water of ordinary 
concentration (chlorinity = 19 has been deter¬ 
mined to be 0.1 mg per liter. 

The importance of lithium in the economy of the 
sea is not known. No quantitative estimationB of the 
element in the various organisms have been made, 
although it has been reported qualitatively by many. 
Possible variations in the quantity of lithium present 
in sea water, due to maiked growth of plankton^ ate 
also unknown. The accuracy of the method does not 
permit, nor does its tediousness encourage, the de¬ 
termination of such fiuetuationB. 

BiffnuK D. TmvJkB 
Tbouas O, Thompson 

QOKlKOOtUPHlO AND OHXXICAL 
IiABOaATOBIBB 

TTKiyaBsirr op Washinoton 
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Oslo, Professor Swann, director of the Bartol Founda¬ 
tion for Kesearoh in Physios, Philadelphia, Dr. 
Allison, head professor of physios in the Alabama 
Polytechnic Institute, Dr. R. H. Fowler, professor of 
mathematical physics in Cambridge University, and 
Dr. F. E. Matthes, of the U. S. Geological Survey; 
and I tender them this more comprehensive expression 
of the aoademy^s gratitude than was possible in the 
several sessions. We are likewise deeply indebted to 
our former president, Professor Thomas Hunt Mor¬ 
gan, of the California Institute of Technology, for 
his admirable lecture of last evening. 

I have been speaking of research activities and re¬ 
search results of the present and of the recent past; 
but what of the future, even of the immediate futuret 
They threaten to be very different. A condition of 
intense anxiety on this subject exists in nearly all 
our universities, in the research institutions, in the 
learned societies in general, in the research organiza¬ 
tions supported by the government of the nation, and 
with countless thousands of public-spirited and wide¬ 
awake citizens who have a fair comprehension of 
what scientific discovery, through experimentation and 
research, has done for humanity. In many univer¬ 
sities, especially state universities, where research, 
sympathetically nurtured and supported through the 
years, has brought forth new knowledge of tre¬ 
mendous importance to the welfare of the nation, the 
degree of existing anxiety as to what may happen 
can be said to have approached, hero and there, the 
stage of fear. The legislatures of the majority of 
our states are now in session, and they have the duty 
of appropriating funds for the support of their re¬ 
spective educational institutions through the next two 
years. The attitude of many, perhaps nearly all, of 
the legislatures toward research at public expense 
may fairly be described as unsympathetic and, in 
some cases, I am informed, as severely hostile. I need 
not say to this audience that a university, shorn of 
its research activities and deprived of the scholarly 
atmosphere that research develops, will eventually 
differ but little in character from what we may call a 
higher high school. The name “university” will re¬ 
main, but the qualities special to a real university 
will dwindle and disappear. The Book of Great 
Wisdom, tried and proved through the centuries, says 
that “Where there is no vision, the people perish.” 
Equal confidence may be placed in the thesis, “Where 
there is no research, the univoraities perish.” The 
governments, the universities and the peoples in 
Europe and in many other parts of the world under¬ 
stand this principle perfectly. The universities in 
those countries, with few exceptions, are national, or 
state, or municipal universities, financially supported 
in major degree by their govemnents. 


No Ameriean citizen in possession of his senses 
questions for a moment the absolute need for reduced 
appropriations. Wisdom in the immediate present, 
and our welfare, both our public and our private wel¬ 
fare, in the future, demand the prompt balancing of 
budgets—national, state, county, municipal budgets, 
and personal budgets as well; and all good citizens are 
ready to lend their approval to proposals for reduc¬ 
tions made circumspectly and in accord with the in¬ 
herent needs and the inherent merits of the services 
that would be thereby affected. 

There is a large amount of valuable research now 
conducted, under the government, in the city of Wash¬ 
ington, or with Washington as its administrative 
center. It is, for the most part, work that the states 
and the universities—both the state universities and 
the private universities—in their happiest days, and 
the research institutions existing and actively operat¬ 
ing in this country, could not undertake, for reasons 
partly financial and for other extremely important 
and vital reasons that are not financial. For example, 
how could the state of Nevada or Colorado or Ten¬ 
nessee or Vermont undertake to contribute, indi¬ 
vidually, to the plans now being carried out by the 
U. S. Coast and Geodetic Survey? The investigational 
work conducted by our government is more or less 
in parallel with, but not unnecessarily duplicating, 
research activities supported on a large scale by the 
government of Great Britain, including Canada and 
the other dominions, the government of France, the 
government of Germany, the government of Italy and 
the governments of many of the other and smaller 
nations. The financial support of our national gov¬ 
ernment for the researches in Washington and else¬ 
where in the United States has been obtained, for 
the most part, upon the basis of need and merit, and 
not at all by political log-rolling, not to any extent 
whatsoever by the threats of an “organized minority,” 
tacit or vocal, to the effect that the congressman or 
the senator who does not vote the financial support 
asked for will be defeated at the next election. The 
researches referred to are conducted, it is absolutely 
unnecessary for me to say, by able, conscientious men 
who spent many years and much money in their later 
’teens and their early twenties preparing in colleges ^ 
and universities and graduate schools, many of them 
in England, France or Germany, to do this woik —in 
fact, devoting several decades of each of their 
precious lives to fitting themselves for carrying on 
their present investigations. Many of the research 
organizations, under the government, to which they 
are attached, have had long and glorious histories; 
their high standards are being maintained; and their 
accomplishments continue to be valuable in oom- 
mendable and worthy degree* At this point I must 
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say that I am in possession of no knowledge that 
would justify me in thinking, for one moment, that 
any executive officer of the government is proposing 
or intending to cut appropriations for the support 
of existing research activities in unjust or catastrophic 
degree. It is difficult for me to anticipate or fear 
that arbitrary outs will be made, in the course of the 
conscientious governmental administration of our 
country, even though the power so to proceed un¬ 
questionably exists. 

The Act of Incorporation of the National Academy 
of Sciences, adopted by the Congress and approved 
by President Lincoln in the year 1863, makes the 
academy an official agency of the government, as ex¬ 
pressed in the following language, quoted from the 
act; . . the Academy shall, whenever called upon 
by any department of the Government, investigate, 
examine, experiment, and report upon any subject in 
science . . - , but the Academy shall receive no com¬ 
pensation whatever for any services to the Govern¬ 
ment of the United States,” When an American 
citizen, necessarily a successful scientist, accepts elec¬ 
tion to membership in the academy, he tacitly agrees 
to heed every such summons, and to serve his govern¬ 
ment to the best of his ability, in the manner de¬ 
scribed, and without expectation or hope of receiving 
compensation. The academy has responded many 
times, and promptly, to the government's call, and it 
welcomes such duty. 

If this address should happen to be published— 
this may or may not be the case—there would be 
opportunity to read the passage just quoted from the 
Act of Incorporation, and to comprehend better its 
significance. The reader could not fail to observe the 
limitations imposed upon the academy’s freedom of 
action. The connection between the government of 
the nation, on the one hand, and the National Acad¬ 
emy of Sciences, on the other, is not in the nature of 
a broad avenue with lines of trees and a strip of 
lawn in its center and a roadway on either side. It is 
rather a street, and it is not for me to say how wide 
is that street. The specification reads that “the 
Academy shall, whenever called upon by any depart¬ 
ment of the Government,” and this corresponds to the 
definition of a one-way street. 

In this connection a few very special things should 
be said, and even emphasized. Here 1 am sx>eaking 
as a member of the academy, and not in commitment 
of the academy to any views or policies—I have not 
that authority or power—but in the light of my 
membership and experiences and observations in rela¬ 
tion to the academy extending back through thirty- 
one years. 

(1) The academy is composed of 205 members, 
whose chief interests throughout their lives have 


resided in the natural sciences and the biologic sci- 
enoes. They have all had wonderful opportunities— 
in many oases opportunities of their own making— 
to advance human knowledge in their several fields, 
through research and discovery, and they have been 
successful in their quest for the truth; otherwise, they 
would not be members of the academy. They are 
men (and two women) of strong character who have 
found happiness and satisfaction in their work. They 
have extended knowledge and, in many cases, have 
applied new knowledge to the daily affairs of the 
world, aU with incalculable advantage to the human 
race. On such questions as government appropria¬ 
tions they have no “axes to gnnd.” Their judgment 
would be devoid of self-seeking and, after due con¬ 
sideration of the facts, wholly in accord with the pub¬ 
lic welfare. 

(2) The academy’s interest in scientific research, of 
high merit, whether conducted in universities, research 
institutions or under government auspices, is very 
deepj but the academy would not and could not give 
its support to pseudo-research—that is, research in 
name that is not research in fact. 

(3) The academy could not by any possibility lend 
its moral support to poor or faulty or uninspiring 
systems of research administration, or to systems or 
plans financially extravagant. 

(4) I can not doubt that the academy would hold 
to the view that existing organizations, or their sub¬ 
stitute organizations in other departments, charged 
with responsibility for the conducting of research, 
should be prepared to accept such reasonable sub¬ 
tractions from their financial resources as are based 
upon the thorough consideration of all elements in¬ 
volved. 

I am not called upon to sot forth here, of all places 
in the United States, and especially before this audi¬ 
ence, the importance of research, the incomparable 
values of its accomplishments, the need for its con¬ 
tinuance in strength diminished in no greater degree 
than is unavoidable. In my opinion, the products of 
research and invention in the domain of the physical 
and biologic sciences have been more potent in ad¬ 
vancing the state of civilization on the earth from 
its low level of the fifteenth gentury to its high level 
in the twentieth century than have all other forces 
combined. I do not expect universal acceptance of 
this thesis, but 1 am prepared to defend it. There is 
no question that many other forces, both idealistic 
and practical, have been exceedingly influential and 
powerful in behalf of the nations and their peoples, 
but in the main those forces would not have existed, 
or certainly could not have operated, if the physical 
and biologic sciences had not provided the mental 
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and moral attitudes, the opportunities, the open 
sesame that permitted them to go out into the great 
world and exert their effective and beneileent in- 
fluenoes. 

Neither is there need for saying to this audience 
that the desirable cultivation of the fields of knowl¬ 
edge represented in the research activities of univer¬ 
sities and governments has been but little more than 
begun. Our g^eat commercial organizations recog¬ 
nize this fact in the existence of their research depart¬ 
ments. They know that the discovery of fundamental 
knowledge and the application of the finest methods 
of scientific research are the essential and powerful 
aids to industrial progress. These commercial organ¬ 
izations control and apportion the appropriations in 
support of their several departments of activity and 
endeavor with rare acumen and judgment, and we 


ahdl not leam that any of thooe oxganiiatioQfli buc- 
cessful in large degree, will reduce t he ir financial sup¬ 
port of research for the year beginning on July 
1933, in percentages exceeding those relating to their 
administrative divisions. Their boards of trustees are 
too wise for that. 1 do not know of any good rea^ 
son why research activiUes conducted in tmiveisitieB 
and under governments should not be supported in 
accordance with the same policy. We know that such 
research activities have earned and paid priceless 
dividends through the years, the decades and the 
centuries of the past, and 1 do not have the slightest 
lack of confidence in the correctness of the thesis that 
further research activities, continued through the 
years, the decades and the centuries ahead, will be 
equally fruitful in results that the human race should 
have and will use to its tremendous advantage. 


A HISTORY OF THE NATIONAL RESEARCH COUNCIL 

1919-1933 

IV. DIVISION OF CHEMISTRY AND CHEMICAL TECHNOLOGY* 

By Professor CHARLES A. KRAUS 

OHAIEMAN 


The Division of Chemistry and Chemical Technol¬ 
ogy is a representative organization of American 
chemiets. Its membership in the main consists of 
representatives from the different societies of Ameri¬ 
can chemists and members-at-large nominated by the 
division itself. In addition, it acts through numerous 
committees, the membership of which is unrestricted. 
The division is, therefore, under the control of Ameri¬ 
can chemists acting through representatives chosen by 
their own organizations. 

Its chairmanship has been held by the following 
persons since the organization of the division in 1918: 

1918 —John Johnston 

1919^1920—W. D. Bancroft 

1920-1922—F. C. Cottrell 

1922- 1923—E. W. Washburn 

1923- 1924—J. Enrique Zanetti 

1924- 1925—James F, Norris 

1925- 1927—William J. Hale 

1927- 1928—Frank C. Whitmore 

1928- 1929—George A. Hulett 

1929- 1930--J'ames E, Mills 

1930- 1931—Harry A. Curtis 

1931- 1932—Henry K. Benson 

1982-1933--Charlo8 A. Kraus 

The division acts as agent in cooperation with other 

1 This is the fourth of a series of ten articles prepared 
to describe briefly the nature of the euitivities with which 
the National Beseareh Council has been engaged daring 
the past fourteen years. 


aimilar national agencies on all problems of interna¬ 
tional concern. It recommends the appointment of 
delegates to the International Union of Chemistry, 
votes on matters requiring decision ad interim, receives 
and distribntes reports of committees of the union, and 
assists in organizing American committees supplionen- 
tary to committees of the union. In a field Btudi as 
chemistry there are many questions that can be settled 
only by international agreement. The division, owing 
to its wide affiliations, is in a position to give eeptes- 
sion to the opinions of American chemists. 

Following the war, there was great need for reliable 
values of physical and chemical constants. Indeed^ a 
thoroughly satisfactory tabulation of such Constanta 
had not theretofore been made. At the request of 
the International Research Council, the Division of 
Chemistry and Chemical Technology, acting conjointly 
with the Division of Physical Sciences, undertook the 
stupendous task of publishing '^International Critiol^ 
Tables of Physical and Chemical Constants.’^ tlis 
publication of these tables entailed the critical exami¬ 
nation of the vast amount of data eoUeoted in 
literature up to that time. The division organised an 
editorial staff, including ten foreign tepres^tatiyeB; 
and arranged for the detailed analysis of all avidlitbla 
data by collaborating experts in the various fields; 
The first voltame of the Tables appeared in 1926 and 
the seventh volume in 1930. These seven mfimaes 
totaled 3,404 pages. 
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Om ixf tlie dfifeet« of praotieall^r all existing tables 
of ooQstaots baa been the laok of Batisfactoiy indexes. 
The division aooordingly undertook to provide an 
index to the Critical Tables. This index, comprising 
some 330 pages, will appear from the press in April 
of the present year. 

The ^'Survey of American Chemistry^^ was brought 
out in 1926, in order to provide a g^eral view of the 
state of research progress in America. This survey 
developed into an annual publication, the seventh vol- 
ume of wbieh is now in press. Chapters dealing with 
various fields of chemistry are contributed by authors 
who themselves are active in those field& Originally 
all fields were reviewed each year, but with the last 
volume of the Survey it was decided to review some 
fields only every second or third year. To any one 
who is interested in following the development of 
research in chemistry generally throughout the coun¬ 
try, the Survey has proved very helpful. 

The division has been of assistance in providing 
avenues for publication of important results in many 
different ways. Va^ous chairmen of the division have 
contributed monographs on timely subjects, journal 
publications have been assisted, and reports of numer' 
ous committees have been made available. The divi¬ 
sion was helpful in establishing The Chemteal Review, 
a bi-monthly journal, and there might also be named 
the Chemical Monograph Series, which now comprises 
some 50 volumes. 

The division, through various committees, has ad¬ 
ministered research funds provided for special inves¬ 
tigations. Among these may be mentioned the in¬ 
vestigation carried out at the Bureau of Standards 
on the preservation and permanence of records. As 
the result of this investigation it has been found that 
the life of all record papers is greatly influenced by 
conditions such as light, humidity and atmospheric 
impurities. Corrective measures have been suggested 
and libraries are already making use of the results 
of this investigation. This work has also done much 
to stimulate further investigation of problems relating 
to the permanence of record papers. Important in- 
restigatlons wei^ also carried out under the auspices 
of the Committee on Chemical Research on Medicinal 
Substances, with funds provided for the purpose from 
variotm sources. The division also cooperated with 
the Central Petroleum Committee in organizing petro¬ 
leum research under a grant of $500,000, which was 
administered by the Petroleum Institute. 

Mu^ of the work of the division is carried out 
tbroufl^ its ecmunitteea, the membership of which in- 
not only members of the division but also chem¬ 
ist ittoug^ut the country. 

Committee on the Chemistry of Colloids was 
k 1919 and has ever since been active in 


promoting colloid research. This committee was in¬ 
strumental in arranging for the publication of several 
books and of numerous monographs, the earliest of 
which were published in mimeographed form by the 
National Research Council. In 1923 the committee 
was instrumental in organizing the First Colloid Sym¬ 
posium. This symposium has since been continued 
each year in cooperation with the Colloid Division of 
the American Chemical Society. The papers read at 
these 83 rmpo 8 ia have been published in monograph 
form* 

The Committee on Contact Catalysis was organized 
in 1920. Its first report was published in the Jottmal 
of Industrial and Engineering Chemistry in 1921, and 
subsequent reports have been published each year in 
the Journal of Physical Chemistry, 

The Committee on Photochemistry was organized in 
1927, and has published reports in the Journal of 
Physical Chemistry. The Committee on the Construc¬ 
tion and Equipment of Chemical Laboratories was 
organized in 1924. Its final report was published in 
book form by the Chemical Foundation in 1930. This 
committee has been reorganized and is continuing its 
work in collecting data relating to laboratory con¬ 
struction and equipment. The Committee on Explo¬ 
sives Investigation was very active and rendered much 
valuable service for some years following the war. 
Among its other activities, it carried on a study of the 
utilization of surplus military explosives, and pre¬ 
pared a descriptive list of hazardous chemicals and 
explosives. The Committee on Research Chemicals 
was active for a number of years following the war, 
collecting data on research chemicals available in this 
country. Lists of research chemicals were published 
in the Reprint and Circular Series of the National 
Research Council. 

Other committees, such as the Commkiee on Phar¬ 
maceutical Research, on Methods of Organic Analysis, 
on Medicinal Substances and on Petroleum Chemistry, 
have been active in stimulating research. The Com¬ 
mittee on Chemical Research on Medicinal Substances 
was formed in 1923. It continued until its functions 
were taken over by the Annual Survey of American 
Chemistry, after its members had published 144 
papers and three United States patents. Research 
results valued at many millions of dollars have been 
credited to the activities of this committee. The Cen- 
trai Petroleum Committee was constituted in 1926 
with the cooperation of the Divisions of Physical 
Sciences and Geology and Geogiaphy, to plan a ro- 
searoh program on the chemistry, physics and geology 
of petroleum, in conjunction with the American Petro¬ 
leum Institute. This program has contained 41 sepa¬ 
rate projects, some of which have been completed, 
while others are still active. 
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Each year as funds permitted the division has 
undertaken conferences for the initiation and coordina¬ 
tion of chemical research. Such conferences have been 
held on the subjects of permanence of printed records, 
on the coordination of chemical literature, on biologi¬ 
cal nomenclature, and on farm waste and chemistry 
of soils. The results of these meetings have been 
intangible in part, but the mere bringing together of 
eminent men interested in a certain phase of chemistry 
is important 

The division has from time to time collected per¬ 
tinent data relating to chemistry. Since 1922, the 
division has each year made a census of graduate 
students in chemistry throughout the country, and 
this census has been published in the journals. The 
division also conducted a study of conditions of chemi¬ 
cal research in the Southern States. The report of 
this study was published by the Chemical Foundation- 
Other activities include cooperation between academic 
and industrial research, and a list of research prob¬ 
lems in various fields of chemistry. 

One of the important activities of the division has 
been the administration of the grants in aid of re¬ 


search. During the pest four years 42 grants have 
been made to 37 individuals. Many papers have been 
published as a result of these grants and many capable 
research workers have been encouraged in their work. 
Barticularly during the last few years, the grants-in- 
aid have proved invaluable to research workers who 
have found themselves handicapped through lack of 
funds. 

Another important activity of the Research Council 
and of the Division has been in connection with the 
National Research Fellowships. Since their founda¬ 
tion, 257 fellowships in chemistry have been awarded 
to 150 individuals. While it is true that some will 
profit more than others from the opportunities 
afforded by these research fellowships, there can be 
no question that the National Research Fellowships 
have produced tangible results. 

Through meetings of the division and of committees, 
and through other contacts afforded by the division, 
those interested in various fields of chemistry are 
brought together and contacts are established. It is 
from these contacts that we may expect some of the 
major benefits in the course of time. 


SCIENTIFIC EVENTS 


CHICAGO PROGRAM ON RADIATION AND 
PLANT LIFE 

The Ainerican Society of Plant Physiologists has 
joined with Sections G and 0 and their affiliated 
organizations in the programs of June 20 and 21. 
On the morning of June 22, however, a special sym¬ 
posium has been arranged for plant physiologists 
who arc attending the meetings. The meeting will be 
held in the Civic Opera Building, Chicago, in the 
rooms of the Lighting Institute at 10: 00 a, m. The 
meeting will bo open to all visiting botanists and to 
professional growers of plants. The titles of the 
papers are as follows; 

^^Iiifiuence of Radiation on CO, Absorption by 
PlantsW. H. Hoover, Smithsonian Institution. 

''Tho Interrelated Effects of Light and Temperature 
on Plant GrowthA, D. Davis, University of Cali¬ 
fornia. 

“Growth os a Criterion for Physiologic Response to 
Radiations E. S. Reynolds, Missouri Botanic Garden. 

“ Photoperiodism and its Practical Application to 
Greenhouse Crops Aiox Laurie, Ohio State University. 

“Responses of Certain Plants to Artificial Radiation 
Factors Applied as Supplements to Daylight R. B. 
Withrow, Purdue University. 

* * The Response of Greenhouse Plants to Electric Light 
Supplementing Daylight Laurenz Greene, Purdue Uni¬ 
versity. 

“Experimental Work at Pennsylvania State College 


on Radiation as Applied to Plants “: H. W. Popp, Penn¬ 
sylvania State College. 

“Chemical Responses of Certain Plants to Solar 
Ultra-violet Radiation W. E. Tottingham, University 
of Wisconsin. 

“Some Growth Responses of Plants to X-ray Treat¬ 
ments C. A. Shull, University of Chicago. 

The program will be continued in the afternoon, 
if necessary, followed by a round table discussion. 

ChakI/KS a. Shull 

MATHEMATICS AT THE CHICAGO 
MEETING 

The preliminary program of the Chicago meeting 
of the American Association for the Advancement 
of Science and Associated Societies, printed in the 
issue of Science for May 19, contains information 
concerning the programs of the different sections, 
but it may be well to repeat here a summary of the 
plans of the mathematicians given in the announoe- 
ment of the American Mathematical Association. 

It reports that the American Association and 
associated societies will present unusually attiactive 
programs in connection with the Century of Progress, 
the week of June 19 being devoted chiefly to pure 
science and the next week to applied science. There 
will be numerous addresses by prominent foreign 
scientific men who have been specially invited for 
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these meotingB. These programs and the many in> 
terosts offered at the Century of Progress exposi¬ 
tion add unusually attractive features to our usual 
pleasant summer meetings. 

The society will hold a session on Tuesday after¬ 
noon in Mandel Hall at which Professor Tullio Ijevi- 
Civita, of the University of Rome, will speak on 
**Some Mathematical Aspects of the New Mechanics,” 
and Professor G, D. Birkhoff, of Harvard University, 
will speak on “Quantum Mechanics and Asymptotic 
Series.” At a symposium at ten o’clock Wednesday 
morning in Mandel Hall, Professor Lip6t Fej6r, of 
the University of Budapest, will speak on “The In¬ 
finite Sequences Arising in the Theories of Harmonic 
Analysis, of Interpolation, and of Mechanical Quad¬ 
ratures,” this to be followed by addresses by Pro¬ 
fessor C. N. Moore, of the University of Cincinnati, 
“On the Use of Ces^ro Means in Determining Criteria 
for Fourieris Constants,” and Professor Dunham 
Jackson, of the University of Minnesota, on “Certain 
Problems of Closest Approximation.” A second sym¬ 
posium will be held at two o’clock on Wednesday 
in the Italian Building on the Fair Grounds; ad¬ 
dresses will be given by Professor Lcvi-Civita on 
“Nets on a Surface and Extension of Trigonometry,” 
by Professor W. C. Graustein, of Harvard Univer¬ 
sity, on “Invariant Metlmds in Differential Geometry,” 
and by Professor Enrico Bompiani, of the Univer¬ 
sity of Rome, on “Deformations of Higher Species 
of Surfaces and Manifolds.” At two o’clock on 
Friday, in Eckhart Hall, an address will be given 
by Professor L. E. Dickson, of the University of 
Chicago, on “Recent Progress in Additive Number 
Theory,” following which there will be a session of 
short papers on number theory. Sessions for the 
reading of short papers will be held on Monday after¬ 
noon and Thursday and Friday mornings. 

Among the addresses of the week by physicists will 
be the following: At 4:30 Tuesday, at the Fair 
Grounds, Dr. Bjerknes, Geophysical Institute, Bergen, 
Norway, on “Atmospheric Soundings, Methods and 
Results”; at 4:30 Wednesday, in the Italian Build¬ 
ing, Enrico Fermi, University of Rome, on “Theory 
of Hyperfine Structures”; at 8: 00 P. m. Wednesday, 
place to be announced, Dr. F* W. Aston, University 
of Cambridge, on “The Story of Isotopes” and Dr. R. 
A. Millikan, California Institute of Technology, on 
“New Light on Nuclear Physics”; at 4:30 Thurs¬ 
day, in tb6 Italian Building, Professor Niels Bohr, of 
the University of Copenhagen, on “Space and Time in 
Contemporary Physics.” Other addresses by the 
visiting scientists will be announced in the current 
issues of ScifiKOB. 

The joint dinner of the mathematicians and their 
guests wiU be held on Friday evening at 6; 30 at 


Judson Court. On Monday evening the American 
Association and its associated societies will hold a 
general reception on the grounds of the Century of 
Progress. The American Association will hold a 
dinner on Thursday evening at which the visiting 
scientists will be guests. 

CHEMISTRY AT THE CHICAGO MEETING 

According to an announcement sent out by the 
American Chemical Society, joint sessions with the 
sections of the medical sciences, physics and geology 
and geography of the association have been arranged 
by the Section of Chemistry, of ivhich Professor 
Arthur B. Lamb, of Harvard University, president of 
the American Chemical Society, is chairman. 

Professor Francis W. Aston, of the University of 
Cambridge, England, Nobel prize winner in chemistry 
for 1922f and Professor The. Svedberg, of the Uni¬ 
versity of Upsala, Sweden, Nobel prize winner in 
chemistry for 1926, will head a contingent of foreign 
chemists who w ill take part. 

Professor Aston and Professor Koliert A. Millikan, 
of the California Institute of Technology, Nobel prize 
winner in physics for 1923, will deliver addresses at a 
public meeting Wednesday night, June 21. Professor 
Aston will speak on “The Story of Isotopes,” a sub¬ 
ject which has thrown new light on the structure of 
atoms, building blocks of the universe, and Professor 
Millikan will discuss nuclear physics. 

Americann chemists from universities and govern¬ 
ment and industrial bureaus of research will detail 
advances in the application of mathematics to chem¬ 
istry’s problems and gains in ciiemistry’s war on dis¬ 
ease. 

Two recipients of the Langmuir Medal of the Amer¬ 
ican Chemical Society, annually awarded to the young 
chemist who shows most promise of achievement, will 
present papers. They are Professor Linns Pauling, 
of the California Institute of Technology, first medal 
winner, and Dr. Oscar K. Rice, of Harvard Univer¬ 
sity, second medal winner. Dr. Henry Eyring, of 
Princeton University, who was awarded the prize of 
the American Association for the Advancement of 
Science for 1932, wull also participate. 

A symposium devoted to the earth’s age will bring 
together the sections of chemistry, physics and geol¬ 
ogy and geography on Wednesday afternoon, June 
21, at two o’clock in Bosenwald Hall. The secretary 
of the section is Professor J. H. Simons, of North¬ 
western University. 

Because of the importance of chemistry to medi¬ 
cine, the Section of Chemistry will meet jointly with 
the Medical Section on Monday morning, June 39, at 
9:30 o’clock in Thome Hall for a symposium on the 
relation of colloid chemistry to biological problems. 
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Professor Svedberg, who won the Nobel prize for his 
work in colloid chemistry, will describe a new investi¬ 
gation into the sedimentation constants and molecnlar 
weights of the respiratory proteins. Professor 
Pilippo Bottazzi, Istituto di Fisiologia, Naples, and 
Professor W. J, Y. Osterhout, Rockefeller Institute 
for Medical Research, will address the session. 

The subject of a third symposium, to be held at 
the International House on Wednesday morning, 
June 21, with the Chemistry and Physics Sections 
jointly participating, will be “Isotopes.*^ Professor 
Aston, who received the Nobel prize for his work in 
isotopes, will give measurements of the relative 
abundance of isotopes. 

Quantum mechanics in chemistry will be discussed 
at a symposium of the Chemistry and Physics Sec¬ 
tions and the American Physical Society, Tuesday 
morning, June 20, at 9:30 o'clock in the Interna¬ 
tional House. The speakers will include Professor 
J. C. Slater, of the Massachusetts Institute of Tech¬ 
nology; Professor Pauling; Dr. Eyring, of Prince¬ 
ton University, and Professor R. S. Mulliken, of the 
University of Chicago. 

Many chemists are expected to attend the joint 
session of the Section of Physics and the American 
Physical Society on Friday morning at 9:30 o’clock 
in the International House, which will be devoted to 
the breaking down of matter. The speakers include: 
Dr. J. D. Cockroft, of the University of Cambridge; 
Dr, M, A. Tuve, of the Carnegie Institution; Pro¬ 
fessor W. D. Harkins, of the University of Chicago, 
and Professor E. 0. Lawrence, of the University of 
California. 

The dinner of the Chicago Section of the Amer¬ 
ican Chemical Society, in conjunction with the Sec¬ 
tion of Chemistry of the association, will be held on 
Friday night, June 23, at the Midland Club. Pro¬ 
fessor Svedberg will deliver the principal address, 
'The Sedimentation of Molecules in Centrifugal 
Fields,” at a supplementary meeting in the Field Mu¬ 
seum. A luncheon of the Chicago Chemists Club and 
the Section of Chemistry of the association will be 
held on Tuesday, June 20, at 12: 30 o’clock in the In¬ 
ternational House. Brief informal and non-technical 
talks will be made. 

THE MEDICAL SCIENCES AT THE CHICAGO 
MEETING 

The Journal of the American Medical Association 
reports that at the summer session of the American 
Association for the Advancement of Science in Chi¬ 
cago, June 19-23, Section N (the medical sciences) 
will sponsor four symposiums and a public meeting. 
Headquarters will be at the Knickerbocker Hotel. 
Monday morning, June 19, the seetion will join with 
Section C (chemistry) at Thome HaD, Northwestern 
University, for a symposium on colloid chemistry as 


related to biologic problems, with follow^ 
speakers: 

Dr. Edwin J. Colm, Harvard Medioal School, Boa* 
ton, '^Electrostatic Forces in Systems Containing Bio¬ 
logical Components’’; Professor Theodor Svedberg, 
Upsala University, Sweden, "Sedimentation Con¬ 
stants and Molecular Wei^ts of the Respiratory 
Proteins”; Professor Filippo Bottazzi, Naples, Italy, 
"Physicochemical Properties of Concentrated Blood 
Serum.” 

Tuesday morning, June 20, Section N will combine 
with Section F (zoology) in a symposium with the 
following speakers: 

Professor Archibald Y. Hill, London, England, 
"Physical and Chemical Changes in Nerve Daring 
Activity”; Dr. Wallace O. Fenn, University of 
Rochester, "Nerve Respiration”; Dr. Ralph W. Gerard, 
Chicago, “Chemical Activity of Nerve”; Dr. Herbert 
8. Gasser, New York, “Electric Phenomena in Nerve.” 

Wednesday morning a symposium on pathologic 
physiology will be held at Northwestern University, 
in which the following will participate: 

Dr. William H. Park, New York, “B C G Vaccina¬ 
tion”; Dr. Charles H. Best, Toronto, “Fatty Changes 
in the Liver of Normal and Diabetic Animals”; Dr. 
Arthur L. Tatum, Madison, Wisconsin, "Morphine 
Addiction and Morphine Tolerance”; Dr. Maurice B. 
Strauss, Boston, "Etiology of Pernicious Anemia and 
the Related Macrocytic Anemias.” 

Thursday morning, June 22, a surgical-endoorino- 
logic symposium will be presented at Northwestern 
University by the following: 

Dr. George W. Crile, Cleveland, "A Century of 
Progress in Surgery: Anesthesia, Antisepsis and 
Asepsis, Shock and Careful Handling of Tissues”; 
Dr. Max Ballin, Detroit, "Clinical Recognition and 
Surgical Treatment of Parathyroidism”; Dr. Peroival 
Bailey, Chicago, "Surgical Control of Hypophyseal 
Disorders”; Dr. John deJ. Pemberton, Rochester, 
Minnesota, "Recent Developments in the Clinical Rec¬ 
ognition and Surgical Management of Hyperfnnotion 
of the Thyroid Gland”; Dr. Evarta A. Graham, St 
Louis, "Clinical Recognition and Surgical Manage¬ 
ment of Hypoglycemia Produced by Tumoxs of tlie 
lelets of Langerhans.” 

It is expected that Madame Marie Curie, Paris, eo- 
discoverer of radium, will address some of these meet* 
inge. 

A public meeting celebrating a century of progress 
in medicine will be held Tuesday evening, June 26, m 
Thome HalL The program arranged U as follows: 

Dr. Morris Fishbein, Chicago, editor, the /owmol 
of the American Medical Assooiation, "Frontime of 
Medicine”; Dr. Paul Dudley White, Bostox^ *^Beiitt 
Disease’^ Dr. Max Cutler, Chisago, ^he 
Cancer.” ,v V 
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THE AlCERICAN SOCIETY AND JOURNAL 
EOR PHARMACOLOGY AND EXPERI¬ 
MENTAL THERAPEUTICS 

Tkb annual meeting of the eoeiety was held at the 
tJuiveirsity of Cincinnati from AprU 10 to 12. The 
following officers were elected for next year: 

Wm. de B. MacKlder 
Vi<>^-president, A, L. Tatum 
Secretary, V. E. Henderson 
Treaeurer, O. H. Plant 
Council, C. M. Qruber 
G. B. Both 

Memherehip Committee, J. Auer 

The most important business before the society was 
the offer of Dr. J. J. Abel, who founded the Journal 
of Pharmacology and Experimental Therapeutics and 
who, with Dr. Carl Voegtlin and Dr. Reid Hunt, 
formed the original corporation, to turn over the 
journal to the society as its official organ. This offer 
was unanimously accepted by the society, and the fol< 
lowing resolution was adopted by the society as the 
means of expressing its appreciation to Professor 
Abel: 

Be it Besolved, that the Secretary of the Society for 
Pharmacology and Experimental Therapeatici be in¬ 
structed to write to Professor Abel and to the members 
of the Corporation of the Journal of Pharmacology and 
Experimental Therapeutics, 

(a) That the Society wishes to express to them its 
deep gratitude and thanks for their most gracious and 
very generons offer to transfer the Journal free of all 
encumbrances to the Society. 


(b) That Uie Society records its grateful apprecdatlcm 
of Br. Abel’s long and faithful service in furthering 
the advancement of Pharmacology in this country by pro¬ 
moting and editing the Journal. 

(e) That the Society wishes to assure Dr. Abel that 
every effort will be made to maintain and extend if pos¬ 
sible, the high standards of excellence as set by the 
Journal during the twenty-four years it has been under 
his coatroL 

(d) That the Society is deeply touched by the devo¬ 
tion shown by Dr. Abel to its interest in returning from 
Baltimore to this meeting in order to aid in completing 
the arrangements for the transfer of the Journal to the 
Society. 

The necessary steps were taken, by the society for 
giving effect to this transfer. 

V. E. Hendersok, 
Secretary 

OBITUARY 

Db. Edgar Hrkry Summbrfikld Bailet, professor 
emeritus of chemistry at the University of Kansas, 
where he was a member of the faculty for fifty years, 
died on June 1 at the age of eighty-four years. 

Pbopbssob William P. Kyan, head of the depart¬ 
ment of chemical engineering at the Massachupetts 
Institute of Technology and director of its school of 
chemical engineering practise, died on May 31 at the 
age of thirty-eight years. 

Fbicdebio Poole Gorham, professor of bacteriology 
at Brown University, died suddenly on June 4. He 
was sixty-two years old. 


SCIENTIFIC NOTES AND NEWS 


Wb are informed by cable that there was organized 
in London on June 1 the Academic Assistance Council 
with Lord Rutherford as chairman. Its object is to 
provide positions or other aid for university pro- 
fossors and scientific men who because of '^religion, 
political opinion or race are unable to carry on their 
work in their own country/' 

Dr. Ibaiah Bowman, director of the American Geo¬ 
graphical 'Society, has been elected chairman of the 
National Research Council, to fill Cue position occu¬ 
pied until his recant resignation by Dr. Vernon Kel- 
iog*., Dt, Bowman will remain director of the Amer¬ 
ican Geographical Society and will devote half his 
time to ihtf work of the National Research Council. 
There has been created in the National Research 
Ci^eR the office of honorary vice-chainnan to which 
Dc. WiUiam H. Welch, of the Johns Hopkins Uni- 
hue been elected. The honorary chairman 
is Dr* George EU^ Hale, honorary director of the 
Vitaon Observatory. 

Dih MMm VifmdB DooDe, professor of politics at 


Princeton University and chairman of the administra¬ 
tive committee of the Princeton School of Public and 
International Affairs, has been elected fifteenth presi¬ 
dent of the university to succeed the late Dr. John 
Grier Hibben. Dr. Luther P. Eisenhart, professor of 
mathematics and dean of the faculty, has been elected 
dean of the Graduate School to succeed Dr. Augustus 
Trowbridge, who resigned last year, and Dr. Robert 
Kilbum Root, Woodrow Wilson professor of litera¬ 
ture and chairman of the department of English, 
succeeds Dr. EUenhart as dean of the faculty. Since 
the resignation of Dr. Hibb^ in June, 1932, Edward 
D. Doffield, president of the Prudential Insurance 
Company and trustee of the university, has been act¬ 
ing prerident. 

Db. Gborgr David Birkhobv, professor of mathe¬ 
matics at Harvard University, has been elected Per¬ 
kins. professor of mathematies to sueoeed Professor 
William F. Osgood, who on September 1 retiree with 
the title of professor emeritus* 

PaosweoR Willuh E. TAuanuBO^ associate dean 
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of the Division of the Biological Sciences at the Uni¬ 
versity of Chicago, has been appointed chairman of 
the department of hygiene and bacteriology to suc¬ 
ceed Dr. Edwin 0. Jordan, who retires on October 1 
after being associated with the university for forty- 
one years. 

Dr. Simon FliEXNkr, director of the Rockefeller 
Institute for Medical Research, was the speaker on 
June 1 at a luncheon at the Bankers Club, given in 
his honor by tiie Bond Club of New York, 

Thk Dutch Red Cross Society, under the presidency 
of Prince Hendrik, awarded its gold medal on April 
19 to Dr. Karl Landsteiner, member of the Rockefel¬ 
ler Institute for Medical Research, for his discovery 
of the blood groups in relation to blood transfusion. 

Those on whom honorary degrees are to be con¬ 
ferred by the University of Cincinnati on June 10 
include Professor Herman Schneider, dean of the 
College of Engineering and formerly president of the 
university; Dean Boseoe Pound, of the Harvard I-taw 
School, and John Adam Fleming, director of the De¬ 
partment of Terrestrial Magnetism, Carnegie Institu¬ 
tion of Washington. 

Dit. William de Behniehb MacNidbr, Kenan re¬ 
search professor of pliarmacology at the University 
of North Carolina Medical School, on May 30 was 
awarded the honorary degree of doctor of science dur¬ 
ing the commencement exercises closing the ninety-fifth 
session of the Medical College of Virginia, Richmond. 

Du. Hugh II. Young, clinical professor and visit¬ 
ing urologist at the Johns Hopkins Ho.spital, will sail 
on June 20 to receive the honorary degree of doctor 
of philosophy from Queen’s University, Belfast, Ire¬ 
land. 

Siu Walter Mokley Fletcheu, secretary of the 
British Medical Research Council, and Dr. Samuel 
Smiles, Daniell professor of chemistry at King^s Col¬ 
lege, University of London, will receive the degree of 
D.Bc. from the Univer.sity of Belfast. 

PuoFEssOR Henry B. Ward, who is retiring as pro¬ 
fessor of zoology and head of the department of zool¬ 
ogy at the University of Illinois, was given a “sur¬ 
prise party” at his home on the evening of May 27. 
Seventy of his colleagues and friends were there and 
presented him with a canoe and boat house, and a vol¬ 
ume of letters from one hundred and twenty-iflve 
friends and associates. Professor Ward has become 
permanent secretary of the American Association for 
the Advancement of Science under conditions which 
permit him to continue research work. 

Boston surgeons and members of the Italian Med¬ 
ical Society on June 3 paid tribute to Dr. Alberto 
Alessandri, professor of surgery at the University 


of Rome, at a dinner given in his honor at the Uni¬ 
versity Club. Dr. Alessandri is in Boston as part 
of his tour of the country, during which he is study¬ 
ing American hospitals and surgical methods. 

Dr. Ernest E. Irons, dean of the Rush Medical 
College, has been appointed chairman of the depart¬ 
ment of medicine at the University of Chicago, suc¬ 
ceeding Dr. George F. Dick. Dr. Dick continues as 
professor in the department of medicine at the col¬ 
lege and as professor and chairman of the deport¬ 
ment of medicine in the Division of Biological Sci¬ 
ences of the University of Chicago. 

Owen Stanley Gibbs, professor of physiology aikl 
pharmacology, University of Georgia School of Medi¬ 
cine, has been appointed professor of physiology at 
Georgetown University School of Mediohle, Washing¬ 
ton, D. C. 

Dr. Isidob Morris IlEirmRON, at present Heath 
Harrison professor of organic chemistry in the Uni¬ 
versity of Liverpool, has accepted an invitation to a 
chair of organic chemistry in the University of Man¬ 
chester, 

Mr. Robert Rae, of Queen’s University, Belfast, 
has been appointed to the professorship of agricul¬ 
ture at the University of Reading, in succession to 
Professor S. Pennington. 

The chair of physiology at Edinburgh University, 
which becomes vacant on September 30 of this year 
by the retirement of Sir Edward Sharpey-Schafer, 
has been filled by the appointment of Dr. Ivan de 
Burgh Daly, professor of physiology in the Uni¬ 
versity of Birmingham. 

At the University of Dublin Sir Charles Arthur 
Kinahan Ball has become the Regius professor of 
surgery in succession to the late Sir William Taylor, 
and John Purser has been appointed to the chair of 
civil engineering, which had become vacant by the 
death of Professor David Clark. Mr. Purser is 
assistant professor of civil engineering at the City 
and Guilds (Engineering) College and reader in 
civil engineering in the University of London. 

Dr. Walter J. Williams, of Baylor University, 
Waco, Texas, was recently appointed curator of 
the university museum. The death of John K. 
Streeker, who had held this position since 1903, oc¬ 
curred on January 9. Dr. Williams had been closely 
associated with him since 1924. 

Db. Daniel F. Jones, who is a member of the 
board of overseers of Harvard College, has been 
elected president of the American Surgical Associa¬ 
tion. 

Professor Geoboe H. Parker, director of the aoo- 
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logical laboratories of Harvard University, was chosen 
on May 29 president of the Harvard Chapter of 
Sigma Xi for the coming year; Dr. James B. Conant, 
the newly elected president of the university, was 
elected*vice-president; Professor Kirtley F. Mather, 
secretary; Dr. L. Don Leet, assistant secretary, and 
Professor William L, Crum, treasurer. 

Db. Alexandeb Wktmore, assistant secretary of 
the Smithsonian Institution, has been elected presi¬ 
dent of the District of Columbia Chapter of Sigma 
Xi, 

The following have been elected as officers of the 
Chicago Chemists Club for the year 1933-34: Presi¬ 
dent, Gustav Egloff; First vice-president, E. C. 
Leamon; Second vice-president, C. 0. Miller; Secre¬ 
tary, C. D. Lowry, Jr.; Treasurer, E. A. Dieterle, and 
Trustee, Bruce K. Brown. 

At the annual general meeting of the Royal Geo¬ 
graphical Society, London, to be held on June 19, the 
council will propose the election of Major-General Sir 
Percy Cox as president of the society in succession to 
Admiral Sir William Goodenough, whose term of 
office expires in November. Sir William will then be¬ 
come a vice-president. Sir Percy Cox has been a fel¬ 
low of the society since 1895, was a vice-president iii 
1926 and is at present a member of the council. 

PitoifT 58 SOB C. U. Ariens Kappkrs, director of the 
Central Institute for Brain Hesearcli at Amsterdam, 
arrived in New York on May 29. He is a guest of the 
Century of Progress Exposition and the American 
Association for the Advancement of Science. After 
the meeting he is expected to give lectures in New 
York and Toronto. Dr. Ludwig Diels, director of the 
Botanical Garden and Museum at Berlin, also a guest 
of the exposition and the association, arrived on April 
16. The Bulleiin of the New York Botanical Garden 
states that he planned to spend a month in botanical 
exploration in the southeastern states, to visit Wash¬ 
ington and Boston and to spend some time in New 
York before going to Chicago about the middle of 
June. 

Db. Ernest 0. Lawrence, professor of physics at 
the University of California, will be visiting lecturer 
in physics at the summer session at Cornell Univer¬ 
sity. Dr. Lawrence will give a course of lectures on 
*'The Theory of Electric Discharges” and will conduct 
a discussion course dealing chiefly with “Nuclear Phe¬ 
nomena.” 

Db. Alfred Land^, professor of physics at the 
Ohio State University, delivered on May 26 the an¬ 
nual Sigma Xi address on “Determinacy in Physics 
and Biology” before the University of Cincinnati 
Chapter. 


Db. D, B. Dill, of the Fatigue Laboratory, Har¬ 
vard University, recently addressed the Massachusetts 
State College Sigma Xi Club on “Capacity for Work.” 
On May 2 Dr. C. C. Little, of the Iloscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine, addressed 
the club on “Recent Researches on Cancer.” 

The officers of the “Notgemeinschaft der deutschen 
Wissenscliaft” have presented their resignations. 
They include Dr. Friedrich Schmidt-Ott, formerly 
“Kultus” minister, president since its foundation; 
Dr. Walter von Dyck, professor of mathematics at 
the Munich Institute of Technology; Professor Fritz 
Haber, who recently resigned us director of the Kaiser 
Wilhelm Institute for Phy.si('al Ch(*mistry, and Dr. 
Heinrich Konen, professor of physics at the Univer¬ 
sity at Bonn, vice-presidents. 

The Pacific Science Congress opened at Victoria, 
British Columbia, on June 1, with 160 men of science 
from thirty nations bordering on the Pacific in at¬ 
tendance. Lieutenant-Governor J. W. Fordhain John¬ 
son welcomed the convention to British Columbia, and 
Dr. H. M. Tory, of Ottawa, president of the congress, 
responded. Among the speakers at the opening ses¬ 
sion were Pro lessor Paul Chavier, of the Paris Acad¬ 
emy of Sciences; Professor Q, I. Taylor, of the Ri^yal 
Society of London; Dr. S. Hatai, of the Imperial 
Japanejse University, Tokyo; Professor G. Van Efer- 
dingen, sjxjkesman for the Netherlands Government, 
and Dr. JI. E. Gregory, director of the Bernice P. 
Bishop Museum at Honolulu. On Monday, June 5, 
the entire group adjourned to Vancouver, B. C., 
where the mof'ting will continue until Wednesday, 
June ]4. After the close of the congress, the mem¬ 
bers will take a four-day tour through the famous 
Canadian Rockies, to Calgary and return. 

It has been found advisable to cancel the 1933 
meeting of the National Conference on Weights and 
Measures which normally would be held early in 
June. After considering the entire situation the 
executive committee of the conference has decided by 
a unanimous vote that it would be unwise to attempt 
to hold a meeting this year. When the 1932 meeting 
was abandoned it was hoped that one could be held 
as usual in 3933, but continuance of abnormal eco¬ 
nomic conditions has made^it certain that but few 
people would have been able to attend. 

The one hundred and first annual session of the 
British Medical Association will be held in Dublin, 
July 21-29. The annual representative meeting will 
begin Friday, July 21, and continue the next three 
week days. The annual general meeting will be held 
Tuesday afternoon, July 25, and the scientific ses¬ 
sions will occupy the next three days. Saturday, 
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July 29, will be devoted to excursions to places of U* S. Pepartmeut of Acrriculture while late Pr. 
interest. Dr. Thomas G. Moorhead, regiua professor 8. M. Babcock was still living, was shown iot the 
of physic, Trinity College, Dublin, is the incoming first time to a Wisconsin audience. It shows Dr. 
president of the association. Babcock in his laboratory explaining the test and 

The date of the meeting of the Phi Sigma Society the machine which he developed which is used gen- 
is June 26, 27 and 28, not June 19, 20 and 21, as erally wherever dairying is carried on. Dr. Eugene 
announced in the preliminary program of the Chicago Davenport, formerly dean of the College of AgricnI- 
meeting of the American Association. ture of the University of Illinois, was the principal 

The fiftieth anniversary of the founding of the speaker. The departments of the College of Agncul- 
Wisconsin Agricultural Experiment Station was ob- ture, carrying on research, arranged an exhibit to 
served at the Farm Field Day in Madison on June 3. show recent developments and findings as they apply 
The Babcock film, a talking picture taken by the to practical every-day farm and home problems. 

DISCUSSION 


MEANINGLESS VERSUS SIGNIFICANT 
TERMS IN GEOLOGICAL CLAS¬ 
SIFICATION 

In the February 10, 1933, issue of Science there 
appears a brief article by Dr. M. M. Leighton on ‘‘The 
Naming of the Subdivisions of the Wisconsin Glacial 
Age,” in which he proposes the substitution of certain 
meaningless terms—Tazewell, Cary and Mankato— 
for the significant terms, Early Wisconsin, Middle 
Wisconsin and Late Wisconsin, which have been in 
general use for considerable time, and are readily 
understood by any one reading geological literature, 
denoting as they do successive parts of the Wisconsin 
glacial stage. The incentive for suggesting the new 
names seems to have its basis in a newly acquired 
view of Dr. Leighton that the deposition of the Iowan 
drift came only a short time before that of the Early 
Wisconsin drift, and so it may properly be included 
in the Wisconsin stage. 

Whether the Iowan should be so included, if the 
entire field is taken into account, is far from being 
clearly established. This has been made forcibly ap¬ 
parent in a recent report by Dr. W. C. Alden on 
eastern Montana and adjacent areas (Professional 
Paper 174, U. S. Geological Survey, issued in 1932). 
There arc deposits in Montana and the Dakotas which 
Dr. Alden is inclined to refer to the Iowan, but he 
considers them too old to be included in the Wisconsin 
stage. These are discussed by him under the heading 
“lUinoian or Iowan.” But he thinks they do not 
appear to be as old as the Illinoian of Ulinois. 

Inasmuch as the entire series of drifts classed as 
Illinoian, Iowan and Wisconsin fall in the last quar¬ 
ter of the Pleistocene Period the distinctions in age 
aspects are less striking than between these drifts and 
those of middle and early Pleistocene age, known as 
Kansan and Nebraskan. This being the case, it seCms 
advisable to let the terms that are in general use 
stand, especially where they have significance, and are 


self-explanatory, and not replace them by a set of 
meaningless terms. Frank Leverutt 

Ann Arbor, Miohiqan 

THREE PREHISTORIC PARASITES 

Ik 1916-17 an expedition of the Peabody Museum 
of American Archaeology and Ethnology of Harvard 
University excavated Basket-Maker Indian remains 
from desert caves in the northeastern portion of 
Arizona. Several human bodies were recovered and 
these have been described in the museum report^ and 
elsewhere.^ 

Besides the human remains, two dogs were also 
found in undisturbed burial cists dug into the hard 
pan of the so-called ‘‘White Dog” cave. With the 
larger dog were found the bodies of many thousand 
flies. These flies were identified at the Museum of 
Comparative Zoology at Harvard as being Oaliphora 
coloradenaie. 

Just recently a thorough microscopic examination 
has been made of uncontaminated akin and hair taken 
from the larger dog, and in a surprisingly well-pra* 
served state have been found the egKs uad young 
adults of a louse (Trichodeotua)^ eggs and adults of 
a flea (Sarcopsylla penetrans) f and numeroos eoL 
ome§ of a fungus (Triehoaporum gigantewn) grow¬ 
ing upon the hair shafts. 

The only claim to fame of these insignificant panM 
sites is their age, which has been conservatively esti¬ 
mated to be between six and ten thou^nd years. 

Sraittli, Washinoton Qax;k B. Wilson 

THE DISTRIBUTION OP 8ERAPIAS 
HELLEBORINE IN CENTRAL 
NEW YORK 

Serapiae Eelleborine L.—classified in the past M 
Epipaotie Orants; E. latifoUa All.; E* 

18. J. Guernsey and A. V. Kidder, 

Oaves of Northeastern ArUona,’' Peabody Uwmmr^ 
papers, VoL vfll, No, 8, ^ . 

sQ. E. Wilson, ‘<A Study in Amertean r 

ogy,»' Ainerioan Natnrdiisi, YoL M, 11127. 
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believed to h&ve been intrbdueed from 
Eatt^e- Its range was first reported in the immedi¬ 
ate vieinity of Syraease, New York, and later Buffalo, 
New York, and Toronto, Ontario* A more recent 
study shows it oocupies a wider but limited range and 
is rare in each locality where fonnd.^ 

Since Serapias Hellebarine was first observed in the 
vicinity of Syracuse, the only region of the eastern 
United States where the hart tongue fern, Scolopisn- 
driuTn vulgare, grows, botanists suspected that its dis¬ 
tribution would be limited to the same general areas. 
The orchid, however, has been a persistent invader of 
new areas in central New York, rapidly increasing as 
it adapts itself to the environment. Especially is this 
true in the Cayuga Lake Basin, where Serapias Helle- 
horine was rare 15 years ago but to-day is a rather 
common plant, growing from roadsides to deep 
woods.* During the past year, 1932, this orchid has 
invaded in large numbers highly diversified areas both 
in natural and cultivated habitats in central New 
York. One of the areas invaded was a highly domesti¬ 
cated habitat in a residential district of Syracuse. 
This habitat, a heavy, sodded, well-kept residence lawn, 
supported seven vigorous plants approximately 
feet tall. These plants were growing in four unusual 
positions in the lawn, which saved them from the cut¬ 
ting blades of the lawn mower until their growth 
revealed a pleasing form to the eye of the caretaker, 
who permitted them to grow unmolested. Three of 
the above plants wore growing in a very heavy lawn 
sod slightly higher in elevation than the surrounding 
ground. One grew in the shade of a hedge, where its 
roots mingled among those of the hedge plants, and 
three in close contact with a cement walk. These 
plants all produced many blossoms and a heavy seed 
setting followed. According to the statement of the 
property owner, this is the first season this plant has 
appeared in the lawn 0r in the immediate neighbor¬ 
hood. This observation covered a period of 25 years. 
Another interesting appearance of Serapias HelU- 
horine this year for the first time was in a residential 
area on the shores of Cazenovia Lake, 16 miles east 
of Syracuse. Here the orchid grew a’^ndantly in the 
bade yard of a summer home. Furthermore, it has 
been found growing abundantly the past season in 
^ bottomlands of various lakes in the vicinity of 
Sytaouse^ wbdo in the past it occurred only sparingly. 

The finding of this once rare orchid growing so 
iovurlantly in domestioated, as well as in natural 
is indeed interesting. If the present yearis 

Xkaj^S Manual, 6th and 7th editions; also Britton 
ai^^Sowm lit and 2nd editions of ^'lUostrated Flora 
of Urn Hhmern United States and Ohnada.’^ 

. HArejo^ from 2kr; A. J. Ssmes^ef OomellUidmsit7» 
UtesSy II 4 7 ;^ in personal comspondenee. 


distribution is a reliable criterion for the future, flower 
lovers of central New York may realize a lifetime 
desire and see orchid plants as abundant in their back 
yards as some of the more common plant species of 
the region. This assumption may be purely specula¬ 
tive, however, since so many factors not fully under¬ 
stood may play an important role in the growth and 
distribution of an orchid species in a specific region 
during any particular year. Nevertheless, the occur¬ 
rence of Serapias Helleborine in domesticated habitats 
definitely indicates that it may ultimately adapt itself 
to such environments. With this in mind, the writer 
as well as others interested in the distribution habits 
of this plant gathered its seed during the present year, 
to be scattered and planted in such cultivated habitats 
as lawns, flower plots and shrub areas. In addition, 
the seeds have been sent to individuals in various 
r^ons of the United States in the hope that more 
information relative to its environmental demands and 
adaptations can be gathered. 

Serapias Helleborine is not as spectacular in its 
beauty as several other species of the Orohidaceae; 
nevertheless, the tall leafy stem with its dense-flow¬ 
ered raceme is very attractive. Therefore, should this 
orchid prove itself to ho adaptive to widely divergent 
habitats, nature will have again added an attractiou 
to the home lot. 

Vkbnon a. Young 

New Yoke State Colucge or Forebtet 

I-INOSITOL IN CITRUS FRUITS 

In the isolation of ascorbic (hexuronio) acid from 
citrus fruits there is always obtained a residue in¬ 
soluble in methyl alcohol which can be recrystalized 
from water. 

This substance melts at 225-226^'. A mixture with 
i-inositol gives no depression in melting-point, and 
the optical-crystallographio properties are identical 
with those of i-inositol. The optical-crystallographio 
properties of anhydrous i-inositol, recrystallized from 
water at the temperature of the boiling-water bath, 
were found to be as follows: substance occurs as ir¬ 
regular colorless fragments when crushed for study 
by optical-immersion method. The indices of refrac¬ 
tion are: a = 1.525, P = 1.555, y = 1.570, all O.pOS. 
The double refraction is strong, y - u = 0.045. Biaxial 
interference figures tiommon; optic sign 2 E not 
large.^ 

The yields of i-inositol from ten liters of juiee were 
as follows: Lemon = 1.24 g., orange = 0.47 g., grape¬ 
fruit = 0.28 g. 

E* K. Nblson 

BUEtiu or Ceemistbt and Soils 

Obobgb L. E&enan 

Food and Deuq Adninisteation 
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SPECIAL CORRESPONDENCE 


THE LEONARD WOOD MEMORIAL FOR THE 
ERADICATION OF LEPROSY 

The Leonard Wood Memorial for the Eradication 
of Leprosy does more than memorialize in its name a 
great soldier, physician and humanist. It exemplifies 
and continues one phase of the work in which 
Leonard Wood himself was greatly interested in the 
Philippines, in common with other measures designed 
to safeguard the health of the native population. 
Lepei’s had been segregated and cared for through 
the humanitarian elforts of Franciscan monks for 
over three hundred years in Manila, but little progress 
Jiad h(‘cn made either in their care or in the under¬ 
standing of the age-old disease from which they suf¬ 
fered not only in this locality but in the world in 
general. The Philippine Health Service in 1906 be¬ 
gan to exercise greater and more intelligent care in 
the segregation and treatment of lepers, particularly 
through the establishment at Culion of a modem 
colony for them. 

In 1922 Dr. H. W. Wade, who had long been active 
in the study of leprosy in connection with the Philip¬ 
pine Health Service, was sent as pathologist to Culion. 
No less important in the forward movement which has 
already begun to bear the fruit of progress in the 
study of this ancient disease was the fact that Dr. 
Wade\s wife, Dorothy Paul Wade, was with him in 
this station on the fringe of the world. It became 
evident to both these inspired and devoted helpers of 
humanity that their countrymen should be informed 
of the little that was actually being done for these 
unfortunate victims of one of the oldest maladies in 
the world and how their fate might be bettered and 
their numbers decreased. With the active support 
and authorization of General Wood, Mrs. Wade came 
to the United States in 1925. Through the influence 
of General Wood^s personal friends and admirers, and 
by her vivid and tireless presentation of this great 
humanitarian project throughout the length and 
breadth of the country, two million dollars was 
pledged from over fifty thousand subscribers. Addi¬ 
tional sums are needed and continue to be offered 
even in these difficult times. 

The men who volunteered their services as an 
Executive Committee of the Leonard Wood Memorial 
as it was then formed, the personnel of which has 
changed but little since that time, did much to in¬ 
spire confidence in the public that the money sub¬ 
scribed would be wisely used. Their names include: 
Hon. Robert L. Bacon, Mr. Perry Burgess, Mr. 
Eversloy Child, Hon. Dwight F. Davis, Mr. Robert 


W. DeForest, Dr. John H. Finley, General James G. 
Harbord, Hon. Charles Evans Hughes, General 
Samuel McRoberta, Mr. Arthur Page, Mr. Hermit 
Roosevelt, Hon. Henry L. Stimson, Mrs. Dorothy 
Paul Wade, and Mr. Owen D. Young. 

It was decided from the very beginning that the 
money so generously given should not be spent simply 
in the care of lepers, which is the business of local 
public health agencies, but more particularly in 
searching for the causes of tile disease, the means of 
its prevention and finally its more certain cure. In 
spite of the fact that leprosy has been differentially 
recognized since biblical times, far too little is known 
of any of its fundamental aspects. The horror which 
the unhappy plight of the victim naturally arouses 
has been confused with the possible danger of con¬ 
tagion. Although the disease is directly or indirectly 
dependent on contact, the precise mode of its trans¬ 
fer is by no means known. 

It seemed, first of all, that additional material 
facilities in the way of buildings were necessary in 
order that a more careful study of the disease could 
be made in the Philippines where it is so prevalent 
and whence this great investigative project took its 
origin. For this purpose something like $400,000 was 
expended in the construction of an entirely new 
leprosarium in Cebu, pronounced by many leprolo- 
gists the finest in the world, and at Culion in exten¬ 
sive constniction in preparation for the memoriaPs 
research program. These buildings, which comprise 
new laboratories, research wards, housing facilities 
for the nurses and scientific personnel and a cabin 
cruiser to facilitate transportation, have been com¬ 
pleted and handed over to the Philippine Govern¬ 
ment. 

It soon became evident that a medical board was 
essential in any development of this sort. For that 
purpose recognized medical authorities, not only in 
this specific disease, but in general problems of health 
and disease prevention, have volunteered their ser¬ 
vices and include at the present time the follow¬ 
ing individuals: Dr, William H. Welch, chairman. 
Surgeon General H. 8, Gumming, Dr. Victor G. 
Heiser, Professor W. G. MacCallum, Dr. Earl B. 
McKinley, Dr. Theobald Smith, and Dr. H. W. Wade. 
This board continues to advise on the general prob¬ 
lems of expenditure of the funds which, in addition 
to the buildings already mentioned, have taken the 
form of the development of working possibilities in 
research in the Philippines and certain attempts at an 
arrival of an international understanding as to what 
the problem of leprosy means throughont the world. 
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Thus the memorial has rendered possible the calling 
of the first international conference on leprosy which 
took place in Manila in 1931, and an international 
Journal of Leprosy is about to be published by the 
International Leprosy Association with the financial 
aid of the Leonard Wood Memorial. Dr. Wade has 
been made medical director of the research aspects 
of the study in Culion and sent on a world tour of 
leprosaria in 1931-32. A recognized Philippine 
authority in the disease, Dr. Jos6 Rodriquez, was 
sent for special study in epidemiology to the Johns 
Hopkins University and has now returned to the 
Philippines. 

The ultimate objective of the fund must be a 
direct attack through intensive investigation of the 
disease itself and perhaps in several centers whore 
it emsts. It was obvious from the first that highly 
trained experts must be chosen for this work and 
the choice of these experts and of the problems that 
they might propose to investigate in connection with 
leprosy were so important that it was judged neces¬ 
sary in 1932 to ask the cooperation of an advisory 
committee on research, consisting of the following 
members: Dr. Frederick P. Gay, chairman, Dr. J. A. 
Doull, Dr. Ernest W. Goodpasture, Dr. Esmond R. 
Long, Dr. hlarl B. McKinley, Dr. Thomas M. Rivers, 
Dr. Malcolm 11. Soule, and Dr. Hans Zmsscr. 


Before proceeding to the recommendation of prob¬ 
lems and personnel, this advisory committee on re¬ 
search felt it essential to be placed in touch with the 
situation throughout the world, since most of them 
were chosen not in virtue of a direct and recent 
participation in the leprosy problem itself but rather 
through their broader contacts with research in the 
innumerable problems of epidemiology, pathology, 
bacteriology and immunology. For this purpose it 
is planned to send members of this group, as their 
time permits, either to the more thoroughly estab¬ 
lished stations in the Philippines or elsewhere for the 
first-hand investigation of specific problems, the de¬ 
tailed carrying out of which they may wish to recom¬ 
mend to the memorial for determined and prolonged 
study. During the current year Dr, Doull, Dr. Soule 
and Dr, Gay are to visit the two stations in the 
Philippines for the purpose of this survey and for 
actual work for a limited time in the problems of 
leprosy as they perceive them. Additional tours of 
inspection are not as yet provided for, but it may 
safely be foretold that the personal knowledge ac¬ 
quired and the international interest inspired by the 
contact which this group of scientists sets up will 
do much to pave the way for the eventual solution 
of this great problem. 

F. P. G. 


SOCIETIES AND MEETINGS 


THE IOWA ACADEMY OF SCIENCE 

The forty-seventh annual meeting of the Iowa 
Academy of Science was held with Coe College at 
Cedar Rapids on April 21 and 22, with 268 members 
and visitors in registered attendance. 

The presidential address, **Some Biological Con¬ 
tributions to Recreation,” was presented by Professor 
H. E, Jaques, of Iowa Wesleyan College. Other 
papers of general interest were: “The Occurrence of 
Mottled Teeth in Iowa,” by Carl T. Ostrem, D. A. 
Greenwood, FL A. Wilhelm and V, E. Nelson, of 
Iowa State College; “Suggestion as to Structure in 
Ionic Solutions,” by G. W. Stewart, of the State Uni¬ 
versity of Iowa, and “Note on the Purchase Price 
of a Bond,” by John F. Reilly, of the State Univer¬ 
sity of Iowa. The annual academy lecture was pre¬ 
sented by Professor H. J. Gilkey, of Iowa State Col¬ 
lege, on “Building the Hoover Dam.” 

The following officers and section chairmen were 
elected for the forthcoming year: President, E. J. 
Cable, Iowa State Teachers College; Vice-president, 
Edward Bartow, State University of Iowa; Secretary- 
Treasurer and American Association for the Adfvance- 
ment of Science Representative, J. C. Gilman, Iowa 


State College; Editor, Mrs. F. W. Nichols, Ames; 
bacteriology and botany, W. F. Loehwing, State Uni¬ 
versity of Iowa; chemistry, general and physical, R. 
W. Getchell, Iowa State Teachers College; chemistry, 
organic and biological, V. E. Nelson, Iowa State 
College; geology, D. B. Gould, Cornell College; mathe¬ 
matics, J. F. Reilly, State University of Iowa; phys¬ 
ics, E. P. T. Tyndall, State University of Iowa; 
psychology, Thomas McConnell, Cornell College; 
zoology, J. H. Bodine, State University of Iowa. 

The academy convened in eight sections for the 
presentation of 152 papers of special interest. The 
retiring section chairmen made the following reports 
of their respective meetings: 

Bacteriology and Botany; C. H. Werkman, chair¬ 
man. The bacteriology and botany section presented 
a program of thirty-one papers and conducted a 
symposium on teaching under the chairmanship of 
Dean C. E. Friley, of Iowa State College. AD meet¬ 
ings were weD attended and the quality of the papers 
was high. 

Chemistry: Leo P. Sherman, ‘chairman. Papers 
were presented before the organic and biological sec¬ 
tion by Henry Gilman and students, V, E. Nelson, 
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and H, L. Keil, G. H; Coleman and others, J» B« 
Culbertson, L. Chas. Eaiford, L. C* Bauguess and 
C. P. Berg, N, A. Clark, H. S. Oloott, H. Gregg 
Smiths and W. H. Seegers, on such widely diverse 
topics as: “The Progressive and Step-wise De¬ 
carboxylation of Furantetracarboxylic Acid” (Gil¬ 
man); “The Effect of Substituents in the Formation 
of Thio-oarbanilides by Various Methods" (Raiford); 
“The Role of Liver in Growth, Reproduction and 
Lactation" (Smith and Seegers); and “The Determi¬ 
nation of Manganese in Biological Material" (Clark). 
The meeting was well attended and close attention 
was given to all the thirteen interesting papers. A 
joint dinner for all the chemists was ably presided 
over by Dr. Ben Peterson, of Coe College, who called 
upon Drs. Culbertson, of Cornell College, and F. E. 
Brown, of Iowa State College, for short addresses. 

Geology: John E. Smith, chairman. The meeting 
of the geology section was instructive and well at¬ 
tended. Among the papers on stratigraphic geology 
were: “Section at Ft. Dodge Limestone Company's 
Mine”; “Stratigraphy of the Hopkinton Formation 
in Jones, Jackson and Clinton Counties"; “Iowa 
Stratigraphy on Methodical Scheme"; “The Kansas 
City Formation in the Pammel Park Area”; “Some 
Buried Pictured Rocks"; “The Structure of the Des 
Moines Series at Redficld, Iowa." On glacial geology 
were presented papers on “Contrasted Till Relief" 
and “Pleistocene Geology of Central Iowa." Papers 
related to geology were: “Possible Migration in the 
Very Dawning Period of Pueblo Culture" and “The 
Carbon Dioxide Cycle in Nature.” An excellent paper 
on “The Status of the Devonian Beds at Middle 
Amana” was also presented. 

Mathematics: L. M. Coffin, chairman. In addition 
to a number of papers on the history and teaching 
of mathematics, papers were presented on number 
theory, potential theory, geometry, differential equa¬ 
tions, statistics, probability theory, mathematics of 
finance and mechanics. The joint dinner was ad¬ 
dressed by Professors Smith, Rietz, Rusk and McGaw. 

Physics: H. J. Plagge, chairman. The physios 
section of the Iowa Academy of Science met at Coe 
College, Cedar Rapids, Iowa, on April 21 and 22, All 
sessions were unusually well attended, and twenty- 
five papers, covering recent developments and in¬ 
vestigations, were presented. At the annual dinner, 
held at the Roosevelt Hotel, Friday evening, Dr. G. 
W. Stewart spoke on the subject “Physios ’round the 
World," basing his lecture on his recent tour around 
the globe. 

Psychology: Leigji C. Douglass, chairman. A total 
of twenty-eight papers, covering a wide range of sub¬ 
jects, was presented in the psychology section. These 

1 Deceased. 


papers, when classifiad, are as follows: abnormal, 3} 
art, 2; ehild, 3; education, 8; emotions, 2; musio and 
speech, 6; physiological, 5. One of these papers, by 
Professor C. A. Buokmiok, of the State University 
of Iowa, on ^'What We Don’t Know about Emotions," 
in which he summarised the research work that has 
been done in this field and charted the fields to be ex¬ 
plored, was presented at the dinner meeting. 

Zoology: Elery R. Becker, chairman. There were 
fifteen papers presented in the zoology section. Of 
these, three were concerned with the physiology of 
aex, two were purely physiological, four were anatom¬ 
ical in nature, two dealt with the parasitic protozoa, 
one presented tlie life history of the firebrat, two may 
be classified as ecologic, and one was of a systematic 
nature. One noticeable feature .of the program was 
that most of the papers were given by the younger 
workers. 

Joseph C. Gilkak, 

Secretary 

THE KANSAS ACADEMY OF SCIENCE 

The sixty-fifth annual meeting of the Kansas 
Academy of Science was held at the Elansas State 
College, Manhattan, from April 13 to 15. The pro¬ 
gram consisted of approximately 160 papers given 
in general sessions on Friday and Saturday fore¬ 
noons, April 14 and 15, and in the sectional meetings. 
Sectional programs in biology, chemistry, physics, 
psychology and junior academy were held on Fri¬ 
day afternoon. The entomology sectional program 
was held on Saturday afternoon under the auspioes 
of the Kansas Entomological Society. A total at¬ 
tendance of 293 was recorded at the programs. 

Dr. Philip Fox, director of the Adler Planetariuis^ 
Chicago, delivered the main address on April 14, at 
6:15 p. M., under the auspioes of the Soienee dub 
and Sigma Xi at Kansas State College. His subjeet 
was “The Architecture of the Heavens." At the an¬ 
nual banquet earlier in the evening the retiring presi¬ 
dent of the academy, Dr. Robert Taft, of the Univet^ 
sity of Kansas, delivered the presidential address on 
“Old Photographs, a Brief Review of the History of 
American Photography in the Period 1840-1880." 
Dr. Paul B. Lawson, of the University of Kansas, 
opened the annual meeting by a lecture on spiden in 
the evening of April 13. 

The officers elected for 1933-84 were: FreeidefU, 
J. W. Hershey, McPherson College, McPherson; 
First Vice-presidentf W. B. Matthews, Kansas dtate 
Teachers College, Pittsburg; Second Vice-present^ 
E. A. Marten, University of Wichita, Wichita; Secte^ 
tory, G. E. Johnson, Kansas State CoUega, !B^r 
hattan; Treasurer, H. A. Zinsser, Fort Hays J&uwaS 
State College, Bays. The ehairmen of section^ 
Biology, H. S. Friends Uaivereiliv 
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aiid ^Ti^MMshairman) Elsa Horn, EAzuma State Coh 
legs, Manhattan; oh0m4»tfy, W. W« Floyd, Ottawa 
Unmisity, Ottawa; phyeica, O. W. Maxwell, Kansas 
State College, Manhattan; psychology, J. B* Stroud, 
Kansas State Teachers Collage, Emporia; entomology, 
P« A« Eeadlo, University of Kansas, Lawrence; Jtmior 
Aeadetniy, Haaal E. Branch, University of Wichita, 
Wichita. Additional membera of the executive coun¬ 
cil are; Robert Taft, University of Kansas, Lawrence; 
F, U. 0. Agrelius, Kansas State Teachers College, 
Emporia; L. Onoley, Southwestern College, Windeld. 
Dr. F. C* Gates, of the Kansas State College, Man¬ 
hattan, was reappointed editor. 

State aid to the extent of $300 a year was reported 
by the chairman of the state aid committee, Dr. W. 
J. Baumgartner, of the University of Kansas at 
Lawrence. The 1934 meeting will be held in Wichita. 

GaoRoa E. Johnson, 
Secretary 

THE TEXAS ACADEMY OF SCIENCE 

Ths summer meeting of the Texas Academy of Sci¬ 
ence was held at College Station, where it was the 
guest of the Agricultural and Mechanical College. At 
the banquet on May 19, a class of thirty-three new 
members, all from the faculty of the college, was intro¬ 
duced to the membei'ship. Following the banquet Dr. 


Mark Francis, widely known for his work on Texas 
tick fever and for his interest in the paleontology of 
the Gulf Coast, delivered an illustrated lecture rela¬ 
tive to his findings in Texas. At the conclusion Dr. E. 
N. Jones, president of the academy, presented Dr. 
Francis with a certificate of life fellowship. Satur¬ 
day was given over to three field trips. The botanical 
section under Dr. R. G. Reeves, of A. and M. College, 
visited locations where the local flora was best repre¬ 
sented. The geological section, headed by Dr. H, B. 
Stensel, of A. and M. College, and Professor and Mrs. 
F. B. Plummer, of the University of Texas, visited 
some newly discovered fossil deposits near the college. 
The third section represented a Combination of inter¬ 
ests and made a tour through the eastern part of the 
state, visiting various points of biological and histor¬ 
ical interest. At the meeting of the executive com¬ 
mittee arrangements were made for the annual meet¬ 
ing to be held at Dallas on October 20 and 21, and 
the invitation of Dr. Edwin F. Carpenter, secretary- 
treasurer of the Southwestern Division of the Amer¬ 
ican Association for the Advancement of Science, for 
a joint meeting in May, 1934, was referred to the 
regular session of the executive committee for con¬ 
sideration. 

H. B, Parks, 
Seeretary-Xreaaurer 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A SIMPLE AQUARIUM AERATOR 

In the course of the school year it is frequently 
desirable to maintain aquaria, both of fresh and salt 
water, for intervals of a week or two. In order to 
accomplish this some system of aeration is usually 
necessary, but in many oases one feels that the pur¬ 
chase of an electric pump is hardly justified. Several 
fairly simple and efficient aerating devices have been 
described (Schaeffer/ Walker/ etc.), but they require 
that running water be available and limit the location 
of aquaria to within a few feet of a sink. The writer 
has been u^ng, quite successfully, a very simple 
aerator, which can be constructed in a few minutes 
from materials available in most^ laboratories, re¬ 
quires no electricity or running water to maintain it, 
needs only a few minutes’ attention a day, can not 
misbehave in such a way as to injure the contents of 
the aquaxipm or flood it with tap water, and allows 
the aquarium to be placed almost anywhere in the 
room. 

Two lengths of glass tubing, one of one righth inch 
diimeter/ the other a size larger; a T tube preferably 
^ rise of the smaller gloss tnbe^ some rubber tubing 

A. eOhaelFe^ Scixno% 81: 95S, 1910. 

ej* Walker, Sozwcw, 73 : 709, 1991. 


for connections; and a screw tubing clamp are needed. 
The larger tube is bent in the form of a ^^oonstant 
level” siphon, as shown in the diagram, the inlet end 


f 

it 

i: 

in 




being b^t slightly to one side so that water can enter 
freely, even when this end rests on the bottom of a 
container. Th^ Y, preferably a glass one, especially 
if sea water is to be used, is connected to the outlet 
end of the siphon by jnst enough rubber tubing so 
that the screw clamp can be fitted on between the end 
of the siphon and the Y. The open end of the T 
should stand a little above the intake end of the 
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siphoiif and as near the level of the top of the outlet 
bend as possible. The siphon will then need no 
starting after it has once been put in operation. The 
second glass tube—the smaller one—is then closely 
connected to the stem of the Y. This tube should be 
at least eighteen inches long, for best results. Its 
length determines the depth to which air can be car¬ 
ried below the surface of the water in the aquarium 
below, and this drop tube should reach almost to the 
bottom of the aquarium, so that the bubbled air may 
come in close contact with as much of the water as 
possible. A vessel of some kind—a battery jar serves 
well—is now stood on some convenient support above 
the aquarium and is filled with water from the 
aquarium. The apparatus can be started easily by 
slipping a piece of rubber tubing about two feet long 
over the open end of the Y and sucking on it. As 
soon as the water starts to flow through the siphon, 
this tubing is removed and the screw clamp tightened 
until water no longer drips from the open end of the 
Y, but instead a series of air bubbles is sucked in. 
Once started, the only attention required is an occa¬ 
sional replenishing of the water supply from the 
aquarium below. Care must be taken, of course, that 
no debris which might clog the Y is transferred. 
With this piece of apparatus an aquarium can be 
kept near a window where the aeration will be supple¬ 
mented by the photosynthetic activity of the plants, 
and by manipulation of the window a reasonably low 
temperature can be maintained. Under such condi¬ 
tions, if the aquarium is not overstocked, filling the 
reservoir two or three times a day will suffice to keep 
the water sufficiently aerated. 

If desired, several aquaria can be placed in tiers, 
and an aerator be placed in each, leading to the 
aquarium below, so that only one upper reservoir need 
be filled to keep the series in operation. In that case 
care must be observed that the open end of the Y is 
at the normal water level of the aquarium. Any sur¬ 
plus water brought in by the aerator above will then 
serve to operate the aerator for the aquarium below. 

This device has proved particularly useful when the 
tap water was chlorinated and it was necessary to 
bring pond water into the classroom. Also with 
marine material, when the amount of sea water 
available was limited, it has still been found possible 
to keep the animals alive in the laboratory for several 
weeks 

Ernest C. Driver 

Smith College 

A NEW STOP-COCK CLAMP 

Sometimes it is necessary that glass valves be made 
relatively more leak-proof than the binder in the 
valve lubricant can assure. This is especially true if 
valves in a system are subject to pressure over consid¬ 


erable periods of time. To overcome such difficulties 
in leakage, a spring clamp was devised and is here¬ 
with described. 

A stiff collar is cut from sheet copper (.5-.7 mm 
thick) in a form similar to the drawing. It is then 
cut half across and opened to admit the neck of the 
glass plug. The ends of the collar are then turned 
down but so that they still clear the seat portion of 
the valve. 

If the closed spring coil, which is used, can not be 
purchased, it may be made by winding No, 2 music 
wire^ on a stiff iron wire or small rod held in the 
chuck of a breast drill—the latter clamped in a vise. 
After a 2-3 cm length of coil has been wound, it 
should be set by boat (in a flame) before removal 
from the small rod on which it is wound. 

The spring tension on the collar varies, depending 
on the size of the cock and its use. However, as a 





criterion for the usual size cock, an adjustment to 
gpive a pull of 100-200 g is found to be satisfactory. 
A moderate tension on the plug will not force the 
lubricant out appreciably and cause freezing of the 
valve if a good lubricant, as “Lubriseal,” is used. 
The clamp may be plated if subject to corrosive 
vapors. 

One notes that the collar of the damp rests upon 
the shoulder of the glass plug but still permits its per¬ 
fect freedom of movement; and that the plug may be 
removed and cleaned readily by extending the spring 
over the end of the plug seat. 

This clamp has found satisfactory application on 
stop-cocks of manometers, vacuum pump distribu¬ 
tors, gas analyzing burettes and other apparatus. 
Two stop-cocks at the base of one of the gas^nalyz- 
ing machines—a multiple bulb side-arm type burette 
—supporting a meter column of mercury, were found 
to remain functional and leak-proof for weeks with¬ 
out cleaning. 

• Aldbn F. Roe 

The Geoeoe Washington University 
School of Medicine 

1 Obtained from largo hardware stores. 
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SPECIAL ARTICLES 


THE ACTION OF THE PARENTERAL ADMIN¬ 
ISTRATION OF SUGARS ON THE HY¬ 
DROGEN-ION CONCENTRATION OF 
NORMAL AND MALIGNANT TIS¬ 
SUES IN LIVING ANIMALS^ 

The principal factors—biochemical and physiologi¬ 
cal—^which control the acid-base equilibrium of the 
blood of animals are well known. Veiy little is 
known, however, concerning the regulation of the 
acid-base balance in the tissues. Even in the case of 
the voluntary muscle, which has been subjected to 
intensive investigation during the last twenty years, 
it has so far been impossible to gain an adequate pic¬ 
ture of the factors which may control the hydrogen- 
ion concentration of muscle tissue in living animals. 
Data obtained on isolated tissue have only limited 
value, inasmuch as the conditions prevailing in the 
body can not be duplicated accurately. Attempts to 
apply the customary colorimetric and electrometric 
methods to extracts or macerations of tissues have 
yielded figures differing by as much as one pH unit 
for one and the same tissue. This is due to serious 
technical errors, such as acid production during the 
preparation of the material, loss of COg, interference 
of oxidation-reduction systems in electrometric esti¬ 
mations by means of metal electrodes, etc. More 
satisfactory results were obtained by Rous, who ap¬ 
plied pH indicators to exposed tissues of living ani¬ 
mals and, by noting the color change, obtained an 
approximate estimate of the hydrogen-ion concentra¬ 
tion. 

About a year ago we described a technique for the 
continuous measurement of the pH of the tissues in 
living animals, which makes use of a specially con¬ 
structed capillary glass electrode in conjunction with 
a quadrant electrometer and potentiometer,* Further 
improvements in this method have been made since. 
A great advantage of the glass electrode over other 
electrodes is that it permits pH measurements in the 
presence of <^ie oxidation-reduction systems which 
occur in all tissues. However, there is one objection 
to the method in that the electrode makes contact not 
with a single morphological tissue unit, but with the 
different cells comprising the tissue as well as tissue 
lymph. Direct contact with blood can be avoided by 
careful insertion of the electrode into the tissue. 

Recognising this limitation we believe from our ex¬ 
tensive experience that the method is of real value 
in the study of various problems. We have applied 
it to the study of the nature of cancerous growth. 

^ Bead before the National Academy of Seiencos, April 
24,1938. 

B Oarl Voegtlin and Herbert Hahler; Soienob, 75: 862, 
1982. 


The work is based on the fact that certain tissues are 
known to ferment glucose with the formation of lactic 
acid. As a normal tissue we chose the voluntary 
muscle of rats, because of the ease with which it pro¬ 
duces acid upon slight injury, a fact which from a 
technical standpoint furnished a severe test of the 
reliability of the method. On the other hand it was 
shown by Warburg and coworkers by experiments 
in vitro that lactic acid production is especially pro¬ 
nounced in malignant tissues, even in the presence of 
oxygen. Furthermore, Cori and Warburg have found 
that venous blood coming from a malignant tumor has 
a lower glucose and a higher lactic acid content than 
normal venous blood. The same investigators have 
also shown that the lactic acid formation in tumor 
tissue in vitro and in vivo can be increased by in¬ 
creasing the glucose supply. 

We were therefore interested to ascertain whether 
it is possible to force the lactic acid production in 
voluntary muscle or malignant tissue by means of 
injection of glucose to such a degree as to cause an 
increase in the hydrogen-ion concentration. Having 
found that *this was easily possible with malignant 
tumors, we decided to study also the action of otiior 
natural sugars obtained in pure form through the 
kindness of Dr. C. S. Hudson and his collaborators. 
The sugars were injected mostly intraperitoneally but 
sometimes ^subcutaneously as a 20 per cent, solution 
in doses of 600 mg per 100 g body weight. The ani¬ 
mals—^rats and mice—were deprived of food for 24 
hours before the beginning of the experiments. They 
received pentobarbital in doses to produce a light 
anesthesia. The following tissues were studied: vol¬ 
untary muscle of rats, Jensen rat sarcoma, Flcxner- 
Jobling rat carcinoma, Walker rat sarcoma 325 and 
the spontaneous mammary mouse carcinoma of the 
New York State Institute for Malignant Disease. 

In order to ascertain whether the observed increase 
in hydrogen-ion concentration is accompanied by in¬ 
creased lactic acid retention, Dr. J. M. Johnson, after 
the last pH measurement, analyzed the tissues for 
lactic acid by the method of Friedemann, Cotonio 
and Shaffer. The results indicate that there was 
always more acid present when the tissue had shown 
an acid drift as measured electrometrically. This 
means that there is an increased acid production 
throughout the tissue and not just locally at the elec¬ 
trode. In view of the relatively high dissociation 
constant of lactic acid it is not surprising that the 
tissue buffers are unable to prevent an increase in the 
acidity of the tissue, Whether or not other organic 
acids besides lactic are concerned in the production of 
the observed acid drift can not be decided on the 
basis of the present evidence. 
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We conclude^ first, that the new method yields re¬ 
liable data; second, that the bulter action of the tis-, 
sues studied, particularly the malignant tumors, can 
be overcome by injection of relatively large doses of 
certain natural sugars and that the acid-base equi¬ 
librium is therefore a function of carbohydrate metab¬ 
olism. 

As to the possible significance of these results, it 
may be pointed out that the pH controls many im¬ 
portant biochemical reactions, such as the action of 
proteolytic, glycolytic and other enzymes; oxidation- 
reduction; the state of tissue colloids, etc. The work 
of Jacobs and others, furthermore, suggests that lac¬ 
tic acid, being an organic acid, may have a peculiar 
action owing to its ease of penetration into cells. We 
have found that there is an acidity gradient: tumor- 
surrounding tissue-normal tissue. We therefore may 
well ask the question whether the excessive local pro¬ 
duction and accumulation of lactic acid represents an 
important factor in the destructive action of malig¬ 
nant tumors upon the surrounding normal tissue and 
upon the tumor cells themselves. Work along this 
line is under way. 

Carl Vobgtlin 
H. Kahlkr 
R. H. Fitch 

TJ. S. Public Hkalth Service 

SOLAR VARIATIONS AND ATMOSPHERIC 
PRESSURE^ 

The Smithsonian Institution has been measuring 
for 20 years, or more, the amount of solar radiation 
reaching the earth and computing from the observed 
data the value outside the atmosphere. These values 
prove to be variable, and it was deemed worth while 
to compare these variations with variations of atmos¬ 
pheric pressure on the earth in order to ascertain 
what relationships, if any, might be disclosed. For 
this purpose the formulas of correlation were used 
such as is now the custom to use in the comparison 
of variables. 

The Smithsonian Astrophysical Observatory re¬ 
cently published a table giving the monthly means of 
the preferred solar values from three widely separated 
observatories for the interval 1921-1930. The 
monthly means for the 120 months included were com¬ 
pared with the monthly means of pressure for the 
same interval at 162 stations scattered over the 
earth’s surface. These data were obtained from the 
various weather services of the world for publication 
in 'World Weather Records*' and were supplemented 
by means derived from daily charts of pressure for 
the North Pacific and North Atlantic Oceans. 

^ Bead before the National Academy of Soienees, Wash¬ 
ington, P. 0., April, 1933. 


The computed correlations disclosed the following 
r^ationships: 

(1) With an increase of solar radiation the pres¬ 
sure increases in regions of the earth where the pres¬ 
sure is normally high and decreases in regions where 
it is normally low. In other words, the normal pres¬ 
sure gradients are increased and the normal ciretda- 
tion speeded up. It has been shown by previous in¬ 
vestigations that with high solar radiation. the low 
pressure band at the equator widens and the high 
pressure belts and centers in middle latitudes move 
nearer the pole, this displacement being proportional 
to the intensity of the solar radiation increase. 

(2) The centers of greatest minus correlation are 
in regions of high vapor content and plus correla¬ 
tions in regions of low vapor content, indicating 
that the absorption of solar heat by water vapor 
plays an important part in determining the effect 
of increased solar radiation on the atmosphere. 

(3) The centers of greatest minus and plus cor¬ 
relations change positions with the seasons, follow¬ 
ing the change in position of the areas of high and 
low water vapor; thus further proving the intimate 
relation between these conditions. 

(4) In the regions of greatest minus oorr^ation 
of pressure with increased solar radiation, the tem¬ 
perature and rainfall show plus correlations at least 
for solar radiation changes of short period. 

(5) The computed amount of change of pressure 
and of temperature agree with expectancy. 

(6) In considering the effect of solar radiation 
changes on the atmosphere there are evidently three 
factors to be considered, namely, intensity of the 
solar change, the seasonal changes in the atmosphere 
and progressive movements similar to atmospheric 
waves. It is possible also that temporary shifts in 
ocean currents and changes in water temperatures in¬ 
fluence the results. 

H. H. ChATSGS 
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THE ROLE OF ANALYSIS IN SCIENTIFIC 
INVESTIGATION' 

By Professor DOUGLAS JOHNSON 

COLUMBIA UNIVERSITY 


Custom decrees that the chairman of your section 
should, at the interval of a year following hia presi¬ 
dency, deliver before you an appropriate address. It 
has seemed to me that 1 could best command your 
interest in some field of discussion where every one of 
us, geographer and geologist alike, has had experi¬ 
ence. So I have selected the broad field connoted by 
the highly inclusive term, “scientific investigation”; 
and I would direct your attention, not to any par- 
tioular results of such investigation, but to a concrete 
problem of method which I suppose must concern 
every scientific worker. This problem can briefly be 
stated as follows: What is the precise rdle of analysis 

^ Abbreviated fonn of address as retiring vice-president 
and chairman of Section American Association for 
the Advancement of Science, delivered at Atlantic City, 
on December 27, 1032. The address will be published in 
ampltfled form, with fuller illustration from shore line 
studies, In the Bulletin of the Geological Society of 
America. 


in a properly conceived and successfully executed 
scientific investigation? 

It goes without saying that I am not competent to 
speak of methods of research in chemistry and phys¬ 
ics, where experiment plays a far larger rdle than in 
geology and geography. So also the biologist, the 
astronomer and investigators in other fields must 
speak for themselves. For this reason the title of 
my address may seem unduly ambitious. Yet I prefer 
the broader, more inclusive term “scientific investiga¬ 
tion” to the more restricted if more accurate “geologic 
and geographic investigation,” because it seems to me 
probable that some of the principles here discussed 
may find application beyond the limits of my particu¬ 
lar field. 

It is a pleasure to express here my indebtedness to 
several of my Columbia colleagues, Robert 8. Wood- 
worth, professor of psychology; Adam Leroy Jones, 
associate professor of philosophy; Sam F. Trelease, 
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professor of botany; and George B. Pegram, profes¬ 
sor of physios; also to Professor William Morris 
Davis. All these were good enough to read the ad* 
dress in manuscript form and give mo the benefit of 
helpful criticisms. 

The dictionaries tell us that analysis is the process 
of separating a thing or a concept into its constituent 
parts, in order to arrive at the essential or ultimate 
elements, causes or principles; that it is the tracing 
of things back to their sources; and that it is designed 
to clarify and test knowledge. The chemist analyzes 
a complex substance to determine its precise composi¬ 
tion. For the purposes of our discussion I would 
define scientific analysis as “tlie process of separating 
observations, arguments and conclusions into their 
constituent parts, tracing each part back to its source 
and testing its validity, for the purpose of clarifying 
and perfecting knowledge.’^ 

I am persuaded we can pursue our discussion most 
easily if I illustrate my observations, so far as feasi¬ 
ble, by reference to some concrete example. For sake 
of simplicity I shall select a common phenomenon 
found on the rocky shores of many lands, and in trac¬ 
ing the part played by analysis at each stage of a 
comprehensive scientific investigation, shall illustrate 
my points freely by referring to the study of this 
phenomenon, the origin of which is still a subject of 
dispute. Those who follow this discussion should not 
attach undue importance to the particular example 
selected for illustrative purposes, nor to the state¬ 
ments made concerning it. I have purposely selected 
a debatable matter, the study of which is not yet com¬ 
pleted. Our concern here is not with the origin of 
the phenomenon, but with the method of investigating 
its origin. 

Along the rocky shores bordering the sea are found 
nearly horizontal platforms or benches from a few 
feet to a few hundred feet in width, cut in solid rock. 
At their seaward margins these benches terminate in 
relatively abrupt slopes which descend toward or even 
into the water. From their inner or landward mar¬ 
gins rise steep slopes or rocky cliffs. In elevation the 
benches range from 1 or 2 feet above ordinary high 
tide indefinitely upward, often several hundred feet 
above the same datum plane. 

The combination of bench and cliff bordering the 
sea might arouse no significant reaction in the mind 
of the ordinary observer. But such a combination 
instantly excites the brain of the geomorphologist to 
activity. Memory recalls text book diagrams, ex¬ 
planatory titles under photographs of similar fea¬ 
tures, discussions of the origin of such features in 
geological and geographical treatises, perhaps earlier 
field examination of such forms. Rapidly the mind 
compares the forms, the situations, the mutual i*ela- 
tions of the assembled features in the various cases 


called before it observation and memoryf And ba* 
fore the observer is oonsoious of the proeess he im 
leaped to an inductive inference: that both bench and 
cliff were cut into the margins of the land by wave 
erosion. In this case the inductive inference involves 
an explanation. But it is only a partial explanation. 
If the bench is wave-carved, why is it exposed to view 
above the level of the sea 7 The mind rushes on; Per¬ 
haps the land has been raised since the bench was 
carved. Perhaps the sea level has dropped. 

The observer must now be on his guard against a 
dangerous tendency of the human intellect—the ten¬ 
dency to accept as valid a plausible explanation, and 
then to look for facts in support of that explanation. 
He must deliberately repress the tendency toward 
premature conclusions, and begin the task of gather¬ 
ing all the facts upon which alone can a satisfactory 
explanation be based. As already stated, we are not 
primarily concerned with the course of his particular 
investigation of these interesting forms, nor with the 
conclusions he may roach respecting their origin. But 
we shall draw freely upon this imaginary hypothetical 
study, to illustrate the uses of analysis in scientific 
research. 

I. Analysis in the Stage op Observation 

The initial stage in scientific investigation is nor^ 
mally that of observation. The first employment of 
this mental process may be made incidentally, per¬ 
haps almost passively. But once the investigator 
realizes that the observed facta present a problem, for 
the solution of which additional facts are desirable, 
he becomes an active inquirer, seeking to discover all 
facts bearing on the problem. Ho observes as widely 
and as accurately as possible, the observed facta being 
automatically recorded in his memory; but also, sinoe 
the memory is notoriously fallible, deliberately re¬ 
corded in his note book if he be a prudent inveetiga- 
tor. 

Since we are here concerned merely with the record¬ 
ing of external facts observed by the eye, it might 
appear that analysis has no r&le to play in this initial 
stage of an investigation. But let us dissect the mat¬ 
ter and scrutinize its parts, first turning our attention 
to the material facts which are the object of oboerva-^ 
tion. Can the analytical powers of the mind be 
brought to bear upon the facts themselves in su(di 
manner as to aid the investigator? 

, Let our hypothetical student of coastal bemebes 
answer. Having observed one such bench, and bad 
his curiosity aroused to investigate, he begins bis 
search for other examples. Very soon he is colv* 
fronted by the necessity of discrimmatiilg ecMtal 
benches of the type described above from fonas 
similar in some respects yet different in others. 
needs a name by which to designitte the 
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patiiflutor obsjeot of iiiqiiir 7 , and tentatively calls 
thete devated marine benehee or aiinply ''marine 
benchee/’ beoanee of their resemblance to submarine 
benches formed by wave abrasion and because of 
their apparent marine origin. 

The question then arises: What constitutes a marine 
bench in the sense in which he is using the termY Is 
it any nearly level surface in the vicinity of the shore^ 
terminated seaward by an abrupt descent, and land* 
ward by cliffs which rise steeply to higher levels? 
This combination of slopes appears repeatedly in 
nature, as the product of a variety of causes. The 
non-critical investigator, who welcomes every shelf 
and scarp facing the sea as one more link in the chain 
of facts he seeks to explain, is almost sure to accumu¬ 
late, without knowing it, an assortment of unrelated 
observations, many of them irrelevant to his problem. 
His investigation is seriously compromised from its 
very beginning. How can he explain the origin and 
history of elevated marine benches if he unwittingly 
bases his reasoning on a confused mixture of wave- 
carved surfaces, benches due to differential weather¬ 
ing, rock terraces cut by a river before drowning 
brought in the sea, notches cut by a glacial stream 
flowing between waning continental ice and the slop¬ 
ing hillside, and terraces due to landslides, faulting 
or monoclinal warping. As all these features are 
found in the immediate vicinity of the shore in dif¬ 
ferent places, and as all of them have repeatedly been 
ascribed to wave erosion, it is clear that the field data 
must in the first instance be subjected to rigid 
scrutiny. 

The facts can not be lumped. They must be sepa¬ 
rated into their constituent parts, and each part tested 
as to its relevancy to the problem under investigation. 

Thus far we have discussed the necessity of analyz¬ 
ing the thin^ observed. But the investigator must 
probe mote deeply than that. He must analyze the 
observational process itself. Does he really see what 
he thinks be sees? Not unless he is constantly on 
guard against the well known dangers to which ob¬ 
servation is subject. Chief among these, perhaps, is 
the tendency to include inference with fact, to confuse 
theory with observation. The observer thinks he sees 
a bench cut in granite, when in fact all he really 
observes is a few scattered outcrops of granite pro¬ 
truding tbraugh the soil; from these he infers, and 
perhaps erroneously, that the vastly larger invisible 
mass is likewise granite. Another investigator may 
report that he saw a wave-carved bench which did 
bevel the rock layers. All he really saw was a 
et bencli paraUd to the ro<dc layers. He in¬ 
ferred it was wave-carved, when in fact it may have 
produeed by differential weathering of weaker 
hl»As iWeriying a more resistant layer. 

danger to which observation is subject is 


that of ocular deception. This danger looms large 
when one is looking for certain specific forms in the 
landscape. The power of suggestion is greater than 
many realize, and one looking for marine benches is 
in danger of finding them in faint undulations or 
irregularities of the terrain which under other cir¬ 
cumstances would not impress him as significant. If 
he is locking for benches which he expects to be 
horizontal, the inclined position of something he mis¬ 
takes for such a bench may quite escape his eye, even 
when the inclination is so marked as to be quite ob¬ 
vious to another who is without preconceptions as to 
what should be observed. 

Incompleteness of observation is another common 
danger. The eye tends to pick from the landscape 
that which seems to it for the moment significant, and 
fails to note much that later stages of the study may 
show to be vitally important. Even where the initial 
observation is fairly complete, the benefits which 
should be derived from it may be lost through failure 
to record permanently in memory and in note book all 
the facts observed. 

No one is wholly free from the dangers of defective 
observation. But one who acquires the habit of 
analyzing his observational powers and processes is 
less exposed to these dangers than are those who give 
no conscious attention to this initial step of a scien¬ 
tific investigation. In research, as in other things, to 
bo forewarned is to be forearmed; and the investiga¬ 
tor who is conscious of the dangers inevitably asso¬ 
ciated with the observational process will be on his 
guard against those dangers. 

II. Akaltsis in the Stage op Classifioation 

Is there any need for employing analysis in the sec¬ 
ond stage of an investigation, the stage of classifica¬ 
tion? Let us note first that the analysis involved in 
stage one led to a sort of rudimentary classification, 
the separation of observed facts into those which were 
relevant and those of doubtful relevancy. We at once 
suspect that analysis must likewise be involved in any 
further effective classification of the facts of obser¬ 
vation surviving the analysis of stage one. 

The investigator is not content merely to exclude 
from consideration every doubtful bit of data. For 
example, our hypothetical studsnt does not rest when 
he has excluded from his study every topographic 
form which does not certainly belong in the group of 
elevated marine benches. He raises the question as to 
whether all these benches need necessarily have had 
the same history. For he takes cognizance of the 
fact that if the benches were carved at different times, 
and some of them were affected by events, such as 
continental uplift, which did not affect the others, g 
serious difflcidty may be introduced into the attempt 
to explain their history. The investigation, to be sue- 
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OMBful, must deal with a group of facts which are 
oomparablo. A simple hypothesis competent to ex¬ 
plain benches five feet above high tide may conceiv¬ 
ably be quite incompetent to explain benches fifteen 
feet above high tide. 

III. Analysis in the Stage of Generalization 

Classification paves the way to the third stage of 
investigation, in which generalization occurs. Thus 
in our hypothetical study of marine benches, it is only 
when classification has been elTccted that the investi¬ 
gator can make significant generalizations; such, for 
example, as that in one group the benches have a nar¬ 
row range in altitude, are always close to the sea, 
present no evidence of weathering of the rock sur¬ 
faces, and are free from debris; that in a second 
group the benches have higher altitudes but equally 
narrow range in altitude, present evidence of moder¬ 
ate weathering and have small quantities of debris 
near their inner margins; while in a third group the 
benches are still higher, vary extensively in altitude 
and have surfaces which are deeply weathered and 
prevailingly covered with debris. 

We have now to inquire whether the analytical 
faculties of the investigator can serve any useful pur¬ 
pose in the stage of generalization. Let us first note 
that the empirical generalizations stated above, free 
from any explanatory element, had their roots in the 
careful analysis that made effective classification pos¬ 
sible. But it is when inducing generalizations which 
involve more or less of explanation that the analytical 
process can render greatest service. Such generaliza¬ 
tions, like those free from explanation, must be rooted 
in the facts and represent a normal outgrowtli of 
them. They must be legitimate inferences induced 
from the facts themselves. As we shall see in a later 
section, the investigator may formulate conceptions 
involving explanation which are not an immediate 
normal outgrowth of the facts, but the products of 
invention. As these two types of explanation, the 
induced and the invented, have somewhat different 
standing before the court of the intellect, it is impor¬ 
tant that they be not confused. It is in making this 
discrimination that the investigator must again em¬ 
ploy his analytical powers. The nature of the facts, 
the nature of their distribution, their relationships, 
and other pertinent elements must critically be ex¬ 
amined, to the end that only legitimate inferences may 
be induced from them. 

For example, the first two groups of classified facts 
described above, in both of which uniformity of alti¬ 
tude above sea level is a characteristic of the benches, 
may properly give rise to the generalization that after 
the benches were carved the sea level dropped. Uni¬ 
formity of bench altitude suggests this as a legitimate 
inference involving explanation; But no such gen¬ 


eralization may be based on the third group of facts, 
in which great variation in elevation is an outstand¬ 
ing characteristic of the benches. Such heterogeneity 
in elevation does not suggest either uniform drop of 
sea level or systematic differential uplift of the land. 
Perhaps the facts can be explained on the basis of 
one or the other of these explanations, or on both 
combined; but if so the explanations must be deliber¬ 
ately invented and applied to the facts. They are 
not normal outgrowths of the facts. 

IV. Analysis in the Stage of Invention 

In the fourth stage of our hypothetical investigation 
the inquirer takes the classified facts and the gen¬ 
eralizations concerning their nature, and uses them 
as a basis for invention of as many explanations of 
the facts as may be possible. It is here that “the 
scientific use of the imagination,” as Tyndall has hap¬ 
pily phrased it, comes most prominently into play. 
The invention may be deliberate, the result of con¬ 
scious effort. Often it springs unexpectedly into con¬ 
sciousness, the result of a mind well equipped with 
pertinent knowledge repeatedly “mulling over” the 
facts in variable combinations. If others have antici¬ 
pated our inquirer in the inventive process, as is 
usually true in greater or less measure, he welcomes 
every idea of alien origin which offers a possible ex¬ 
planation of the facts, and accords it just as hos¬ 
pitable treatment as those bom of his own intellect. 
If the generalizations of stage three involved explana¬ 
tion of the facts, the investigator seeks additional 
and independent explanations. Where generalization 
involved but partial explanation, or merely paved the 
way for an explanation, the investigator employs his 
inventive powers to complete the unfinished task; and 
then moves forward to the invention of alternative 
explanations. 

The process of invention is not fully understood. 
It resembles induction to the extent that the mind 
starts with concrete facts, and from them passes to 
conceptions of broad application which take the form 
of tentative c^cplanations of the facts. But the mind 
has far greater liberty in the stage of invention than 
in the preceding stage of generalization. The relation 
to facts is here less close. A proper generalization, 
being an outgrowth of the facts, must have its roots 
well grounded in them. An invention may spring 
from “thin air,” the rarefied atmosphere of more ab¬ 
stract reasoning. The stimulus to invention comes 
from the facts, and the thing invented must not 
palpably be contradicted by the facts; but it need not 
be a normal outgrowth of the facta. Thus, the eon- 
ception of a uniform drop of sea level was, as we 
have seen, wholly improper as a generalization baaed 
on the third group of facts, relating to marine 
benches of widely varying altitude, sixvoe nothing in 



JUMS 18, 1983 


SCIENCE 


573 


this group of facts eould rightly give birth to suoh a 
ooQoeption. But the same oonoeption may properly 
be invented, “out of thin air/’ and offered as a pos> 
sible explanation of the facts in that group, since none 
of them necessarily contradicts the explanation. 

We have noted the greater liberty enjoyed by the 
mind in the stage of invention. But it is not wholly 
free. Since the explanations induced in stage three 
and those invented in stage four are to serve as work¬ 
ing hypotheses in the deductive operations of stage 
five, they must conform to certain fundamental re¬ 
quirements go*veming the formulation of hypotheses. 
In the first place, it is essential that the tentative 
explanations should be so precisely molded that 
specific deductions may be derived from them. If 
an explanation is so vague in its inherent nature, or 
so unskilfully molded in its formulation, that specific 
deductions subject to empirical verification or refu¬ 
tation can not be based upon it, then it can never 
serve as a working hypothesis. A hypothesis with 
which one can not work is not a working hypothesis. 

Again, the explanation as formulated must be pos¬ 
sible, for explanations clearly contradicted by well- 
established natural laws waste time and energy with¬ 
out advancing the investigator toward the true goal of 
his researches. On the other hand, it is manifestly 
dangerous to exclude explanations which merely ap¬ 
pear incredible or absurd because they nni counter 
to ejstablished opinions. Many a door to truth has 
thus prematurely been closed and long remained 
closed. The hypothesis of continental glaciation 
seemed incredible in 1840, as did the hypothesis of 
evolution in 1860. 

How then shall the inventive mind properly mold 
its hypotheses and distinguish between explanations 
wbioh appear plausible but are really unsound and 
those which immediately provoke distrust yet merit 
hospitable consideration? It seems to me that here 
the analytical process offers us an instrument of in¬ 
calculable value. Let us dissect each tentative ex¬ 
planation into its component elements, trace each 
element back to the assumptions and inferences which 
lie hidden behind it and test the reasonableness of the 
whole by testing the validity of each part. 

V. Analysis in the Stage op Veeipioation 
AND Elimination 

On entering the fifth stage of the investigation our 
hypothetical inquirer possesses, let us suppose, some 
half dozen tentative explanations which have survived 
the analytical processes applied in the preceding 
stage. He now treats each of these in turn as a work¬ 
ing hypothesis, and reversing the mental processes 
employed in the third stage, endeavors by deductive 
reasoning to determine as preciseLy as possible just 
what features should characterize the shore platforms 


in ease the particular hypothesis for the moment 
under scrutiny be the true explanation of these forms. 
His object is to verify, so far as possible, the com¬ 
petence of some hypotheses and to eliminate others 
which critical tests show to be manifestly incompetent. 

He secures the required tests by an appeal to facts. 
After deducing the reasonable consequences of a 
working hypothesis, ho confronts these by such facts 
as are already in his possession, drawing upon 
memory, upon his field notes and upon the published 
observations of others. If the consequences logically 
deduced from the hypothesis are in accord with the 
facts, he accepts this as verification of the oompe- 
tence of the hypothesis to explain the facts already 
in hand. Where deduced consequences find no coun¬ 
terpart in observed facts, he feels justified in elimi¬ 
nating the hypothesis from further consideration. 

To what extent, if any, can analysis serve the inves¬ 
tigator in this stage of verification and elimination? 
Since effective use of the deductive process depends 
upon one’s ability to make logically correct deduc¬ 
tions, it is expedient that the investigator should sub¬ 
ject his own mental processes to careful scrutiny. 
There are faUacies in reasoning which must be 
avoided. These are treated in works on logic and 
need not be discussed here. But some study of logic 
will direct conscious attention to one’s mental habits, 
and help to secure the precision and completeness 
requisite for careful deduction. 

The investigator must realize that if his deductions 
are false, it matters little whether observed facts cor¬ 
respond to them or not. The conclusions are in any 
case invalidated, and ho may either reject a perfectly 
valid hypothesis or embrace one which is invalid, on 
the basis of false reasoning. Saftey lies only in 
analysis. Deductions, like inductions, must be sepa¬ 
rated into their component parts, and each part 
scrutinized and its validity tested. Let us illustrate 
what this involves by turning once again to the prob¬ 
lem of the shore platforms. 

Let us suppose that our investigator has accepted 
as one working hypothesis the tentative explanation 
of storm-wave erosion under present conditions of 
land and sea level. From this hypothesis he deduces 
certain expectable consequences, among which let us 
consider only one. If the pla^orms are the product 
of storm waves operating at the present time, he 
reasons, then there should be found upon their sur¬ 
faces rock debris constituting the cutting tools with 
which waves accomplish their erosive work. Turning 
to bis record of field observations, he finds that many 
of the platforms are remarkably free from debris. 
Indeed,^ their outer edges commonly drop abruptly 
into moderately deep water, so that it is difficult to 
see how much debris could be cast upon the platforms 
or maintained there. The facts in hand oonspicuouslj 
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fail to matok the expectations deduced from the hy¬ 
pothesis, 80 our inyestigator rejects the hypothesis of 
storm-wave erosion as incompetent. In doing so, he 
rejects a perfectly valid hypothesis solely because he 
failed to examine his deductions critically before 
using them ns tests of the competence of the hypoth¬ 
esis. 

Let us suppose, however, that our investigator was 
so fully convinced of the value of analysis as an 
instrument of research that he would neither accept 
nor reject a hypothesis until he had subjected each 
deduction derived from it, and each test of its corre¬ 
spondence with the facts, to such rigid scrutiny as he 
was able to make. Under these circumstances he 
would drst have examined the deduction relating to 
the expected presence of wave-cutting tools on the 
platforms. He would have asked; Upon what does 
the deduction restt Evidently upon the assumption 
that waves of water unarmed with debris can not 
effectively erode the coast. And on what, in turn, 
does this assumption rest? Current geologic opinion 
may run this way, and geologic text books may assert 
that waves without cutting tools are feeble. But cur¬ 
rent opinion and the text books have often proved 
fallible guides. So our investigator would have gone 
back to the sources on which both opinion and text¬ 
book should be based ; the actual recorded evidence as 
to the nature and causes of damage accomplished by 
waves. Here he would have found much information 
concerning havoc wrought by waves under conditions 
which seem clearly to preclude the effective interven¬ 
tion of debns. The terrific impact of the water itself, 
the force of the currents it generates, the direct pres¬ 
sures exerted upon air and water imprisoned in 
crevices in the rock, the sudden expansion of air in 
crevices and pore spaces when the rapid retreat of a 
wave creates a partial vacuum outside, all these are 
described as effective causes of damage by waves, on 
the basis of concrete and seemingly reliable evidence. 
Our investigator must then have concluded that while 
shore debris is presumably a highly important factor 
in wave erosion, there is no reason to exclude the pos¬ 
sibility that waves relatively free from debris, and 
striking with a force varying from hundreds to thou¬ 
sands of pounds per square foot, may accomplish 
mucli erosive work. He would therefore have re¬ 
jected, not the hypothesis of storm-wave erosion, but 
his tentative deduction respecting the necessity of 
finding debris on the platforms; and would have 
looked for other deductions from the same hypothesis 
which ho could use as a more reliable basis for testing 
its validity. 

VI. Analysis in the Stage of Confirmation 
AND Revision 

From the fifth stage of the investigation the in¬ 
quirer should emerge with a' much depleted stock of 


woritiog hypotheses. In some eases only one wilt 
remain as apparently competent to explain all the 
recorded facts. In other oases two or more may sur¬ 
vive thus far. If but one, the oantious investigator 
will seek confirmation of its validity before utilixing 
it in his ultimate interpretation of the facts. If 
more than one, he pushes his studies further to dis¬ 
cover which one represents the true explanation of 
the facts or whether they are jointly responsible for* 
a complex result. 

Whether one or several hypotheses survive the tests 
applied in the preceding stage, the survived is almost 
always in an ^^unfinished^’ state. The tests remain 
incomplete, and therefore inconclusive, because not all 
the desired facts are available, and perhaps not all 
the desirable deductions have been made. The inves¬ 
tigator, let us imagine, has deduced five reasonable 
expectations from a certain hypothesis, of which three 
only are matched by facts in his possession. On the 
other hand, he has five categories of facts, of which 
three only correspond to expectations thus far de¬ 
duced. He has two deductions having no counterpart 
in observed facts, and two gn>ups of facts which are 
disturbing because not related to anything thus far 
deduced from the hypothesis. Just what these dis¬ 
crepancies mean, he does not know. They may mean 
that observation was incomplete and that new facts 
remain to be discovered. They may mean that deduc¬ 
tion was incomplete or imperfect. In either of these 
two cases the hypothesis may be valid as it stands. 
But there are other possibilities. The disorepanoies 
may mean that the hypothesis is invalid and must 
ultimately be rejected; or they may mean that it only 
requires a certain amount of revision to bring it into 
harmony with all the facta. 

It is the task of the investigator in the stage of 
confirmation and revision to find out just what the 
discrepancies do mean. He searches for the munling 
facts which, if found, will constitute logical proof of 
the validity of the generalization involved in the 
hypothesis. Here the extraordinary value of the de¬ 
ductive processes of stage five becomes apparent. The 
observation of stage one was a wandering, ungoided 
observation. But the renewed observation of stage 
six is skilfully directed observation. He now kno^. 
what to look for, and hence how and where to lodL 
If, like the geologist or geographer, he is dealing with 
facts to be found in the field, directed observation 
will materially shorten his field work and greatly 
inorsase its fruitfulness. He goes directly to tka 
places where the new facts should be found# If, like 
the physicist, chemist or modem student of biolci^, 
he must discover now facts through experime&tal^k^ 
skilfully directed experimmit will replace the vag^ 
gropings of a less advanced st^ of tesearck 
deductive process has added new interest td 
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Cor And bts ^ormovdy inoroaoed the probabili- 
tiee of ^diag it.. 

Directed obBorvatlon has another great value, It is 
apt to lead to the disoovery of faets wholly unantici¬ 
pated by the deductions which direct the search. As 
Davis has well said, the investigator’s outsight on the 
facts is sharpened by his insight into the nature of 
his problem. Things which formerly made no im¬ 
pression on eye or mind now instantly arrest his at¬ 
tention, some because they are expected, but others 
for the very reason that they are quite unexpected. 
The discovery of facta that are wholly unanticipated, 
but which none the less find full explanation in a 
hypothesis under investigation, has exceptionally high 
value as confirmation of the hypothesis. 

Where none of the deductions of stage five fully 
account for certain of the facts already in hand; or 
where newly discovered facts fail to find any counter¬ 
part in previous deductions; or, again, where some of 
the facts which should occur, according to a hypoth¬ 
esis otherwise well substantiated, can not be found, 
revision of the hypothesis is strongly indicated. Lack 
of completeness in deduction is especially apt to 
cause difficulty, and proper revision to include some 
new oonsequenoea zmt previously foreseen may bring 
complete harmony out of partial discord. 

The process of securing the requisite confirmation, 
revision or rejection of hypotheses makes new and 
heavy demands upon the critical faculties. Especially 
is this true of the process of revision and rejection, 
which carries the investigator back over previous 
stages of the investigation in a search for some weak 
link in his chain of reasoning, some factor overlooked, 
or some item improperly included. If, as we have 
seen, analysis had a role to play in each of these pre¬ 
ceding stages, how much more important is it that 
the analytical faculties should be on the alert in a 
review of one’s reasoning in search for error. If pre¬ 
vious work has been carefully performed, the error is 
not apt to be obvious. More likely it is obscurely 
involved in some apparently sound procedure, in 
which case it tvill continue to escape detection unless 
each bit of evidence, each argument and each conclu¬ 
sion are separated into their component parts and 
imbjeoted to critical scrutiny. It is such analysis as 
this which must, in the circumstances detailed above, 
determine whether certain apparently incongruous 
fasts should be rejected as irrelevant to the problem 
or induded sa fully pertinent; and in the latter case, 
whe^ier a givan hypothesis must be rejected or merely 
iwviMd, b^re deduction and observation are brought 
into hsmony. 

yil. AsAybis IK Tns Stags or iNTsarmcTATiOK 

; US suppose that the investigator has reached the 
and final stage of his tabors, in which he pro¬ 


ceeds to formulate for publication his interpretation 
of the origin of shore platforms. Can he at last dis¬ 
pense with analysis, the instrument which has served 
him so well at every previous step in his labors f , 

Not wholly, I think. In any event there must re¬ 
main with him a caution inspired by his full under¬ 
standing of the nature of the proofs with which he is 
dealing, an understanding which comes only from 
critical analysis of both evidence and argiiments. 
Barely can geologist or geographer offer mathematical 
demonstration of the truth of his conclusions. He 
can, as a rule, go no further than to show that a given 
proposition has a high degree of probability. Cer¬ 
tain facts carefully observed and properly classified 
prompt the invention of various hypotheses. The 
deduced consequences of one of these hypotheses alone 
is matched by all the facts, including some which are 
newly discovered and highly peculiar. The investiga¬ 
tor therefore has much confidence that an interpreta¬ 
tion based on this hypothesis will bo valid. But he 
realizes there is still opportunity for error. He may 
not have thought of all possible hypotheses. He may 
not have deduced all the reasonable consequences of 
those hypotheses considered. He may not have dis¬ 
covered all pertinent facts. Some future contribution 
to knowledge may throw unexpected light on his 
problem and radically affect his conclusions. He 
therefore wisely regards his present interpretation as 
highly probable theory, rather than as demonstrated 
fact. * 

In previous stages an error led only one investiga¬ 
tor astray, and that one could retrace his stops and 
repair damage by embarking on some new line of 
reasoning. But in this final stage an error committed 
to the printed page may lead many astray and may 
show wholly unexpected vitality and power for evil. 
The printed statements must go far enough; but they 
must not go farther than the evidence and fully 
tested reasoning warrant. A given interpretation 
must not be applied to all shore platforms before it 
has been completely demonstrated that there are no 
such platforms for which it is not the most satisfac¬ 
tory explanation. It must not even be asserted as the 
sole cause of any platforms, unless and until it has 
been clearly proven that no contributing cause has 
played a part in their formajion. 

In these and other ways the investigator must be on 
his guard against overstatement, understatement, er¬ 
roneous statement of his results. Analysts is the 
weapon with which he defends himself against too 
broad generalization and other errors which are wont 
to intrude themselves into the final sta^ of an inves¬ 
tigation. Each sentence he scrutinizes, each conclu¬ 
sion he dissects, checking here and verifying there, to 
the end that the formulation of his interpretation 
shall contain no less, and particularly no more, than 
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oiitioally observed faets and carefully tested reason¬ 
ing may justify. An interpretation thus cautiously 
reached and conservatively formulated will surely 
command the serious consideration of scientific men. 

Conclusion 

Have we, in the method of multiple working hy¬ 
potheses, applied with the aid of rigorous analysis 
something which will guide ua unfailingly to the dis¬ 
covery of truth? We are compelled to answer this 
question in the negative. No device, however per¬ 
fect, can wholly deprive the human intellect of its 
capacity for making mistakes. Do Leon searched in 
vain for the fountain of youth. Can we hope for a 
magical fountain of truth? 


The most for which we may reasonably hope is by 
correct methods of research to reduce the chances of 
error to a minimum and to raise to its maximum the 
probability of discovering the real causes and rela¬ 
tions of things. This we have done, so far as lies 
within our power, when we are accurate in observing 
facts, careful in classifying them, cautious in general¬ 
izing from them, fertile in inventing hypotheses, in¬ 
genious and impartial in testing their validity, skil¬ 
ful in securing their confirmation or revision and 
judicial in formulating ultimate interpretations. 

Multiple working hypotheses as a method, employed 
in connection with critical analysis as an instrument 
pf precision, offer us, in my opinion, the best guar¬ 
antee of success in scientific research. 


SCIENTIFIC EVENTS 


UNIFICATION OF RADIO RESEARCH FACIL¬ 
ITIES IN GREAT BRITAIN 

The facilities for radio research carried out by the 
British Department of Scientific and Industrial Re¬ 
search on the advice of their Radio Research Board 
have been improved by the unification of the Wireless 
Division of the National Physical Laboratory and 
the department's Radio Research Station at Slough 
into a new radio department of the National Physical 
liaboratory. Mr. R. A, Watson Watt, hitherto the 
superintendent of the Radio Research Station, is the 
superintendent of the new department. 

Under the new arrangements the Radio Research 
Board continues to be appointed as at present by the 
lord president of the council, and its constitution and 
functions remain unchanged except that the oppor¬ 
tunity has been taken to remove the anomaly by which 
the general work on the maintenance of radio stand¬ 
ards at the National Physical Laboratory was a re¬ 
sponsibility of the board. In the future the execu¬ 
tive committee of the National Physical Laboratory 
will assume direct responsibility for these standards 
in the same way as it assumes responsibility for other 
national standards. 

On the formation of the Radio Research Board in 
1920, the National Physical Laboratory was entrusted 
with all work which required a laboratory equipped 
with instruments of the highest precision, Such work 
included the development of radio frequency stand¬ 
ards, the study of problems of selectivity, aerial 
arrays and the generation of extremely short waves, 
AS well as methods for the measurement of funda¬ 
mental quantities necessary in accurate circuit design. 
Owing, however, to its situation and the proximity of 
other electrical work, the National Physical Labora¬ 
tory was considered unsuitable for the conduct of. 
radio research work requiring measurements in the 
field or on isolated sites. For work of this char¬ 


acter facilities were provided by the department at 
the Radio Research Station erected on land adjoin¬ 
ing the Admiralty Compass Observatory at Ditton 
Park, near Slough. Practically the whole work car¬ 
ried out on behalf of the Radio Research Board was 
thus divided between the Radio Research Station, 
Slough, and the National Physical Laboratory. 

Although the Radio Research Station and the Na¬ 
tional Physical Laboratory have closely cooperated in 
the past, the unification which has taken place gives 
the Radio Research Board much greater freedom in 
planning its program as a single unit. The amalga¬ 
mation of the staff of the two sections under a single 
direction is in the interests of efficiency and economy, 
and enables the increasing number of inquiries from 
industry to be made to one single establishment. 

THE ANNUAL MEETING OF THE ROYAL 
INSTITUTION 

The annual meeting of the members of the Royal 
Institution was held on May 1, the president, Lord 
Eustace Percy, being in the chair. According to the 
report in Naiu/re the annual report of visitors for the 
year ended December 31, 1932, testified to a year of 
considerable activity. The membership had been well 
maintained. The privilege of free attendance at the 
afternoon lectures by bon<i-fide students in London 
had been much appreciated and used. The report on 
the progress of the researches in the Davy Faraday 
Laboratory gave a good indication of the consider¬ 
able extent of the research organization which is at 
work under the direction of Sir William Bragg. Son^ 
sixteen or eighteen workers are engaged, the majori^ 
on problems related to the x-ray determination of 
structure. Mention was made of Dr. J. M. Robert¬ 
son’s determination of the structure of anthracene, of 
Dr. A. Muller’s work on the long-ehidn ooupoands, 
and of the growth in accuracy and capacity of the 
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large experimental x-ray plant in the hands of Dr. 
Muller and Mr. R. S. Clay. The capacity of the ap¬ 
paratus is calculated to be about 50 kw.; as yet it has 
worked well up to 10 kw. The treasurer's report and 
accounts showed a very satisfactory position, in spite 
of the heavy demand on the financial resources of the 
institution caused by the recent reconstruction. After 
a total expenditure in connection with the rebuilding 
of more than £100,000, a diminution in the invested 
funds of the Koyal Institution of about £2,000 is 
shown. This gratifying result is a consequence of 
many generous donations to the Building and lie- 
search Endowment Fund raised by the institution in 
the past three years. The donations and other re¬ 
ceipts to this fund have been sufficient to defray al¬ 
most the entire cost of the rebuilding, and to go a 
considerable way towards completion of the program 
of permanent endowment of researcli which the man¬ 
agers of the institution have as one of their principal 
objects. The following officers for 1933-34 were 
elected: President, the Right Hon. Lord Eustace 
Percy; Treasurer, Sir Robert Rol>ertson; Secretary, 
Major Charles E. S. Phillips. 

NATIONAL RESEARCH FELLOWSHIPS IN 
THE BIOLOGICAL SCIENCES 

The annual meeting of the Board of National Re¬ 
search Fellowships in the Biological Sciences, for the 
award of 1933-34 appointments, was held in Wash¬ 
ington on April 28 and 29, 1933. The board made 
twenty-six reappointments and forty-one new ap¬ 
pointments, as follows: 

Reappointments 
For Domestic Study 
Bond, R. M.— Zoology 
Boughton, I). C, —Agriculture 
Burkholder, P. R. —Botany 
Casida, L. E. —Agriculture 
Fry, Glenn A.—Psychology 
Glass, II. B.—Zoology 
Hopkins, E. W.— Agriculture 
Jackson, T. A.—Psychology 
Kelly, Isabel T.—Anthropology 
Kerr, Thomas—Botany 
Miller, B. S.—Botany 
Morsh, J. E.—Psychology 
Mowrer, O. H.—Psychology 
Phelps, Austin—Zoology 
Riley, H. P.—Botany 
Shaw, Luther—Agriculture 
Smelser, G. K.—Zoology 
Smith, Wm. K,—Agriculture 
Taylor, G. W.—Zoology 
Tharp, Wm. H.—^Botany 
Wald, George—Zoology 
Walla, Gordon L.—Zoology 
Wolfe, J. B.—Psychology 
Zirkte, R. B.—Botany 


For Study Altroad 
Hill, B. T.—^Zoology 
Sparrow, P. K. —Botany 

New Appointments 
For Domestic Study 
Abbe, Ernst C.—^Botany 
Barker, Horace A,—Zoology 
Clark, Harold E.—Agriculture 
Bay, Harry G.—Zoology 
Byk, Walter—Anthropology 
Edelman, Edward E.— Psychology 
Gardner, Wm. U.—Agriculture 
Goddard, David B.—Botany 
Hainlett, Geo. W. B.—Zoology 
Harrison, Carter M.—Agriculture 
Hooker, Charles W.—Zoology 
Hulse, Frederick S.—Anthropology 
Hunt, Joseph McV.—Psychology 
Jeffers, Katharine R.—Zoology 
Krcchevsky, Isadore—Psychology 
Leepor, Robert W.—Psychology 
Livingston, Luzern G.—Botany 
Mackinney, Gordon—Botany 
Misbach, L. E.—Psychology 
Moyer, Laurence S.—Botany 
Needham, J. G.—Psychology 
Pady, Stuart M.—Botany 
Park, Tliomas—Zoology 
Pockham, Robert H.—Psychology 
Boseufols, Richard S.—Botany 
Rudnick, Dorothea—Zoology 
Seltzer, Carl C.—Anthropology 
Spence, Kenneth W.—Psychology 
Stoinbach, H. Burr—Zoology 
Sumwalt, Margaret—^Zoology 
Williams, H, H.—Agriculture 

For Study Abroad 
Barron, Donald H.—Zoology 
Baxter, Dow V.—Forestry 
Birkeland, J. M.—Botany 
Ehrlich, John—Forestry 
Graham, Boy—Botany 
Lindsley, D. B.—Psychology 
Neatby, Kenneth W.—Agriculture 
Snyder, Wm. C. —^Agriculture 
Wells, John W.—Zoology 
Wilcox, A, N.—Agriculture 

SUMMER CONFERENCE IN SPECTROSCOPY 

One of the features of the summer research gather¬ 
ing of apectroscopists to be held at the Massachu¬ 
setts Institute of Technology this year is to be a 
.Spectroscopic Conference scheduled for the week of 
^July 17-22. Each of the five days of the confer^ 
ence will be devoted to some particular branch of 
spectroscopy, the mornings being devoted to the 
presentation of papers and the holding of disotu- 
sion groups, while the afternoons are to be left free 
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for informal discussions, laboratory inspections, and 
sight-seeing and recreation. 

While the program is not yet complete, the follow¬ 
ing papers have already been scheduled; 

Monday, July 17: QuantUatwe Spectroscopic Analysts 
of Materials 

C, C. Nitchic, BauHch and Lomb Optical Company, 
**Some Practical Applications of the Spectrograph." 

W, P. Meggers, Bureau of Standards, * * The Physical 
Basis for (juantltativo Spectrochemical Analysis." 

P. Twyman, Adam Hilger, Ltd., "The B61e of the In¬ 
strument Maker in Spectrum Analysis." 

C. E. K. Mees, Eastman Kodak Company, "Photo¬ 
graphic Plates for Spectroscopy." 

Kelvin Burns, Allegheny Observatory, leader of Dis¬ 
cussion on Spectrochemical Analysis. 

Tuesday, July 18: Bxologvcal and Photochemical Applica¬ 
tions of Spectroscopy 

W. A. Noyes, Jr., Brown University, "The Correlation 
of Research in Spectroscopy with that of Photochem¬ 
istry. * * 

P. A. Leighton, Stanford University, "Photochemistry 
and the Schumann Region." 

F. Twyman, Adam Hilger, Ltd., "Basic Principles in 
the Design of Spectrophotometers." 

G. B. Kistiakowaky, Harvard University, "Molecular 
Dissociation Energies from Spectroscopic Data." 

Wednesday, July 19: Physical and Astrophysical Aspects 
of Spectroscopy 

D. H. Menzel, Harvard University, "The Spectro¬ 
scope in Astrophysics." 

G. H. Dieke, The Johns Hopkins University, "Astig¬ 
matism of the Concave Grating." 

F. H. Crawford, Harvard University, "The Present 
Status of Research on tlie Zeeman Effect in Molecular 
Spectra.' * 

Thursday, July 20: Analysis of Cowip^efj: Spectra 

A. O. Shenstone, Princeton Universily, "Incompletely 
Analyzed Spectra." 

W. F. Meggers, Buieau of Standards, "The Structure 
of Rare Earth Spectra." 

G. II, Dieke, The Johns Hopkins University, "The 
Present Status of Wave-length Standards." 

Keivin Burns, Allegheny Observatory, "Wave-length 
Standards." 

Friday, July 21: Spectroscopy and Atomic Structure 

(To be arranged), "Status of Theoretical Calcula¬ 
tions of Atomic Energy States." 

G. R. Harrison, Massachusetts Institute of Technology, 
"Status of Calculations of Spectral Line Intensities." 

D. R. Hartree, University of Manchester, ^‘Numerical 
Calculation of Atomic Properties." 

J. C. Slater, Massachusetts Institute of Technology, 
"Analytical Calculations of Atomic Properties." 

A number of other papers which have been tenta¬ 
tively scheduled are not listed because of uncertainties 


whiob had not been cleared up at the time of ^;omg 
to press. It is planned to follow each get of papers 
by extended disenssion of the present status utd £u^ 
ture possibilities of each branch of spectroscopy con¬ 
sidered. 

PSYCHOLOGY AT CHICAGO 

Members of Section I of the American Association 
for the Advancement of Science will meet in Chicago 
^rom June 20 to 23, in connection with the Century 
of Progress. Four psychologists from abroad will 
be present. Each of these will lead a symposium and 
in addition special lectures are scheduled. Amexiciw 
psychologists will also participate in the symposia^ 
the topics and leaders of which are as follows: 

June 20, "Geetalt": Wolfgang Kohler, BerHn. 

June 21, "Intelligence": Charles E. Spearman, Lon¬ 
don. 

June 22, "Sensory Psychology": Henri Pl^ron, Paris. 

June 23, "Character and Personality": Emilio Mira, 
Barcelona. 

In addition to regular sessions the special sym¬ 
posia and lectures given in other sections of the asso- 
piation are of interest to psychologists. For example, 
the following may be mentioned: 

June 20, forenoon, Dr. A. V. Hill, London, Symposium 
on Nerve Activity. 

June 21, afternoon, Dr. R. Goldachmidt, Institute of 
Experimental Biology, Berlin, Symposiunou 

June 23, evening, Dr. C. U. A. Kappers, Brain Insti¬ 
tute, Amsterdam, General Address. 

The preliminary program follows: 

Tuesday, June 20, 2: 00 p. M. Symposium on Gestalt 
Psychology: Wolfgang Ktihler, Berlin; R. H. Wheeler, 
University of Kansas; Heinrich Kliiver, Institute for 
Juvenile Research. 

Wednesday, June 21, 9:30 A. M. Symposium on In¬ 
telligence: Charles E. Spearman, University of London; 
Florence L. Goodenough, University of Minnesota. 
11:30 A. M. Address: Henri Pi^ron, Paris. 

Thursday, June 22, 9:30 a. m. Symposium on Sensory 
Psychology: Henri Pi^ron, Paris; Walter E. Miles, Yale 
University; Alvhh R. Lauer, Iowa State College. 11: 80 
A. M. Address: Emilio Mira, Barcelona. 

Friday, June 23, 9 :30 a. m. Symposium on Character 
and Personality: Emilio Mira, Barcelona; Mandel Sher^ 
man. University of Chicago; John B. Anderson, Univer¬ 
sity of Minnesota. 

Saturday, June 24, 8:00 P. m. General Address before 
the Association : Charles E. Spearman, University of 
London. 

Dr. Walter R. Miles, of Yale Uuiversityi ig dhait*- 
man of the section and Dr. John E. AndersOh^ of the 
University of Minnesota, is secretary. The meebi^ 
will be held in Thorne Hall and Lincoln HaU^ iS»r 
Kinlock Campus, Northwestern University. 
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A$ has been fully reported in this journal, the 
American Association for the Advancement of Sci¬ 
ence and amociated societies meet in Chicago from 
June 19 to 31. The Century of Progress Exposition 
has given the fundamental scienoes the central place 
of honor, with the applied scienoes radiating from it. 
The American Association and the societies devoted 
to the fundamental scienees will meet during the first 
week. These meetings will be followed by Engineer¬ 
ing Week and the next week will be occupied by the 
National Education Association and its associated or¬ 
ganisations. The full preliminary program of the 
meeting of the American Association and associated 
societies will be found in the issue of SomiTOB for 
May 19. The foreign scientific men who will take part 
In the meeting of the American Association as guests 
of the association and the Century of Progress Expo¬ 
sition are as follows: Dr. Otto Appel, of Berlin, agri¬ 
culture; Dr. P. W. Aston, of Cambridge, chemistry; 
Dr. G. A. Bagge, of Stockholm, economics; Dr. Joseph 
Baroroft, of Cambridge, physiology; Dr. A. Mendels¬ 
sohn Bartholdy, of Hamburg, political science; Dr. 
Jakob Bjerknes, of Bergen, meteorology; Dr. Niels 
Bohr, of Copenhagen, physics; Dr, Filippo Bottazzi, 
of Naples, physiology; Dr. Ludwig Diels, of Berlin, 
botany; Dr. Jean Dufr^noy, of France, agriculture; 
Dr. Leopold Fej4r, of Budapest, mathematics; Dr. 
Enrico Fermi, of Rome, physics; Dr. A. P. M. Flem¬ 
ing, of Manchester, engineering; Dr. R. Goldschmidt, 
of Berlin, zoology; Dr. Herbert J. Gough, of London, 
engineering; Sir Daniel Hall, of London, agriculture; 
Dr. A. V. Hill, of London, physiology; Dr. C. U. A. 
Kappers, of Amsterdam, anthropology; Dr. Wolf¬ 
gang Kohler, of Berlin, psychology; Dr. August 
Kragh, of Copenhagen, physiology; Dr. Tullio Levi- 
Civita, of Rome, mathematics; Dr. Emilio Mira, of 
Barcelona, psychology; Dr. William Oualid, of Paris, 
political economy; Dr. Henri Pieron, of Paris, psy- 
ehology; Dr. J. J. Sederholm, of Helsingfors, geol- 
ogy; Dr* Charles E. Spearman, of London, psychol¬ 
ogy; Dr. The. Svedberg, of Ups^ chemistry, and Dr. 
B. J. Tillyord, of Australia, entomology and paleon¬ 
tology. 

Tub Boyal Society, London, has elected os foreign 
members Professor Harvey Cushing, of the Harvard 
School and the Peter Bent Brigham Hos¬ 
pital; Professor Peter Debye, director of the Institute 
of Kiysics at the University of Leipzig; Professor 
Friedrich August Ferdinand Christian Went, director 
of the Institute of Botany and of the Botanical 
Garden at tiie University of Utrecht, and Professor 
Yi&iriin V* ^ Bjerknes, professor of mechanics and 
^tbsmaticai pl^sics at the University of Oslo. 


Da. WiLiiBM DE SiTTEBy director of the Leiden Ob¬ 
servatory, has been elected a correspondent of the 
French Academy of Sciences in the section for 
astronomy. 

The doctorate of science was conferred on Dr. 
WDliam Morton Wheeler, professor of entomology at 
Harvard University, at the recent commencement 
exorcises of Columbia University. 

New York Univebsitt conferred at its oommence- 
ment on June 1 an honoraiy doctorate on Dr. Flor¬ 
ence Rena Sabin, member of the Rockefeller Institute 
for Medical Research. 

The University of Oxford will confer on June 21 
the honorary degpree of doctor of science on Dr, John 
Scott Haldane, fellow of New College and honorary 
professor and director of the mining research lab¬ 
oratory at the University of Birmingham. 

The original building of the New York State Col¬ 
lege of Forestry, which was opened in 1917, has been 
named in honor of Dr. William L. Bray, professor of 
botany and dean of the Graduate School of Syracuse 
University, who was the first head in 1911 of the Col¬ 
lege of Forestry. This designation was recommended 
by the faculty and authorized by the Board of Trus¬ 
tees of the College of Forestry on June 1. Since the 
early days of the college when he gave the first 
courses in forestry at Syracuse, Dean Bray has con¬ 
ducted courses in botany at the summer camp of the 
college on Cranberry Lake. 

Db. Oswald T. Avert, of the Rockefeller Institute 
for Medical Research, has been elected president of 
the American Association of Pathologists and Bac¬ 
teriologists. 

Lord Melohett has been elected president of the 
British Science Guild, in succession to Sir Samuel 
Hoare, whose three-year term of office ends on June 
19. 

According to Nature, Professor A. N. St. G. H. 
Burkitt, Challifl professor of anatomy in the Univer¬ 
sity of Sydney, has been elected president of the 
Linnean Society of New South Wales. 

Dr. Edgar Allen, professor of anatomy and dean 
of the University of Missouri School of Medicine, 
will succeed Dr. Harry Burr Ferris as professor of 
anatomy and head of the department of anatomy at 
the Yale University School of Medicine. 

Db. AvavBrvB G. Pohlkan has resigned as re¬ 
search professor of anatomy and dean of the Uni¬ 
versity of South Dakota School of Medicine to accept 
an appointment as professor and head of the depart- 



580 


SCONCE 


VOL. 77, No. «007 


ment of anatomy at Creighton University School of 
Medicine, Omaha, Nebraska. 

Professor G. Hadfielp, professor of pathology in 
the University of London, has accepted an invitation 
to fiH the chair of pathology at the University of Bris¬ 
tol to succeed Professor Walker Hall. 

Dr. a. K. Kurtz, formerly of the U, S. Civil Ser¬ 
vice Coianiission, has joined the staff of the Industrial 
Relations Division of the Procter and Gamble Com¬ 
pany as statistician. 

Among those who will work during the coming year 
in the School of Mathematics of the Institute for Ad¬ 
vanced Study at Princeton are: Drs. A. A. Albert, 
University of Chicago; K. Gddel, University of 
Vienna; Jessen, University of Copenhagen; L. S. 
Pontrjagin, University of Moscow; Meyer Salkover, 
University of Cincinnati; T. Y. Thoma.^, Princeton 
University; E. K. van Kampen, .lohns Hopkins Uni¬ 
versity; R. L. Wilder, University of Michigan, and 
W. E. Bleick, Johns Hopkins University. 

Dr. Ralph W. Chaney, head of the department of 
paleontology at the University of California, has left 
for northeastern Asia, where he will spend several 
months. He will return for the fall semester opening 
in August. 

Dr. J. Bjerknes, of the Geophysical Institute, Ber¬ 
gen, Norway, who is visiting the United States as the 
guest of the Century of Progress and the American 
Association for the Advancement of Science, ad¬ 
dressed students of meteorology at the Massachusetts 
Institute of Technology and eastern Massachusetts 
members of the American Meteorological Society, 
June 9, on “The General Circulation of the Atmos¬ 
phere.” Several meteorologists took part in the dis¬ 
cussion which followed. 

Sir Almuoth Wright delivered the John Mallet 
Purser Lecture on “Immunization—the Old Doctrine 
and the New” at Trinity College, Dublin, on May 17, 

The iirst of a aerie.s of lectures, instituted by the 
British Science Guild for the purpose of directing at¬ 
tention to the importance of research—both purely 
scientific and technical—and the utilization of its re¬ 
sults in the service of mankind, was given by Sir 
Harold Carpenter on May 16. The subject of the lec¬ 
ture was “Metals in the Service of Human Life and 
Industry.” 

Dr. Charles F. Brooks and Mr. S. P. Fergusson, 
of the Blue Hill Observatory, Harvard University, 
addressed the New Hampshire Academy of Science, 
at its annual meeting, June 3, on “Scientific Value of 
the Work of the Mt. Washington Observatory.” 
Members of the academy drove up the mountain and 
inspected the observatory, which was established last 


fall following a grant from the academy. Mr. Fer¬ 
gusson will spend two months this summer on the 
summit, fiying kites and captive balloons carrying re¬ 
cording instruments to show the effect of the moun¬ 
tain on the local wind velocity, temperature and hu¬ 
midity. 

Receipt of a fund of $300 to pay for the first sea¬ 
son of a new series of lectures at Northwestern Uni¬ 
versity to be known as the U. S. Grant memorial lec¬ 
tures in honor of the late Professor U. S. Grant, who 
was head of the department of geology and geog¬ 
raphy, was recently announced by Dr, W. H. Haas, 
professor of geology and geography. The first lec¬ 
tures, probably next November, will be given by Dr. 
W. H. Collins, director of the Canadian Geological 
Survey. Dr. Collins has carried on work closely re¬ 
lated to that of Professor Grant. The donor of the 
gift prefere to remain anonymous. It is a tribute 
from one scientific man to the memory of another. A 
gift of $150, also anonymous, for a scholarship to be 
known as the Grant graduate scholarship in geology 
and geograpliy has also been announced. 

The annual initiation and banquet of the Michigan 
State College Chapter of the Society of the Sigma 
Xi was held at Michigan State College on June 1. 
Twenty-four new members wore initiated. The public 
address was given by Dr. I. F. Huddieson on “Un- 
dulant Fever.” The ofilcors for the next academic 
year are: President, Dean R. C. Huston; Vice-presi¬ 
dent, Dean Marie Dye; Secretary, Professor V. G. 
Grove; Treasurer, Professor R. E. Marshall, who con¬ 
tinues his office for another year. 

The Sigma Xi Club of Peking held its annual meet¬ 
ing and dinner on May 5. The speaker on the occa¬ 
sion was Dr. H. B. van Dyke, professor of pharma¬ 
cology at the Peiping Union Medical College, who 
spoke on “Correlation among Glands of Internal 
Secretion.” The officers elected for the coming year 
are: President, Dr. H. B. van Dyke; Vice-president, 
Dr. Toh Liu, dean of the College of Science, Normal 
University; Secretary-treasurer, Dr. Adam P. T. Sah, 
professor of physics, Tsing Hua University. The 
membership of the Sigma Xi Club in Peking has 
grown to over fifty. There is said to be evidence 
that the old capital, now called Peiping, is becoming 
increasingly important as a research center. Four 
universities, the Peiping Union Medical College 
(Rockefeller Foundation), the National Geological 
Survey and two research institutes are pursuing in¬ 
tensive scientific research programs. The local Sigma 
Xi membership, which is about one fourth American 
and three fourths Chinese, is distributed among these 
eight institutions. 

Db. C. E. MoClung, professor of soology at the 
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University of Pennsylvania, and managing editor of 
the Journal of Morphology, who, as previously an¬ 
nounced, is spending next year in Japan, requests 
that during his absence manuscripts for the Journal, 
until further notice, be sent directly to the Wistar 
Institute, Philadelphia. 

The South Carolina Legislature, in an act approved 
on May 13 and elfoctive on that date, provided that 
'^the property and duties of the State Food Research 
Laboratory at Charleston shall be associated with the 
State Medical College.” The trustees of the Medical 
College have announced that, due to heavily reduced 
appropriations, it will be impossible to continue the 
laboratory, which has been engaged for some years on 
investigations in foods and nutrition. Present mem¬ 
bers of the laboratory staff are Drs. Roe E. Reming¬ 
ton and Harold Tjcvine, and Messrs. Harry von 
Kolnitz and P. Bartow Culp. 

The 160-foot ship that will carry Lincoln Ells¬ 
worth to the Antarctic is being prepared for its de¬ 
parture from Norway about the first of August for 
New Zealand. The ship is to leave New Zealand 
for the Bay of Wales about November 1, and will 
arrive at its base about December 15. The expedition 
is planning a 3,000 mile round trip non-stop flight 
over the Antarctic Continent. 

The California Institute of Technology has re¬ 
cently named a room in honor of Dr. Leon L. Wat¬ 
ters, of New York. The room is in the Norman 
Bridge Laboratory of Physics and bears the follow¬ 
ing inscription: “The Watters Generator: The equip¬ 
ment in this room is the gift of Dr. Leon L. Watters, 
of New York, to the atomic structure research of the 
California Institute of Technology. It is designed to 
facilitate the generation of a steady potential of 300 
KV, an energy available for x-rays ten times greater 
than any other equipment up to the present date.” 
The apparatus will be employed to further the work 
begun by Dr. DuMond regarding which both Pro¬ 
fessor Einstein and Professor Millikan predict results 
of groat importance. 

The Santa Barbara Museum of Natural History 
is building a children’s loggia in memory of the 
former director, Ralph Hoffman. It is an addition to 
the east and south sides of the seismographic building, 
open in summer and glass-enclosed in winter, 


equipped with shelves and lockers and with water for 
modelling work. The design is by Carleton Winslow. 

The Journal of the American Medical Association 
states that negotiations for the organization of a 
school for public health nurses in Prague to be opened 
in 1934 have been completed. Construction is to start 
immediately. The preliminary education required for 
admission is to be graduation from a secondary school. 
Training in bedside nursing will be included in the 
two years course as well as a knowledge of social 
legislation appbcable to field work. Half the cost of 
the construction of the school was promised to the 
Czechoslovakian government by the Rockefeller Foun¬ 
dation. The school will be erected on the grounds of 
the state institute of public hygiene in Prague. Bed¬ 
side nursing will be practised in the near-by state 
hospital. Another feature of the school is that it 
will be for pupils both of the Czech and of the Ger¬ 
man language. The practical training in the field 
will be done for the Czech candidates in one of the 
demonstration districts of Prague, the one for Ger¬ 
man candidates in a demonstration district in north¬ 
ern Bohemia. The school will accommodate 100 
pupils in its dormitory. It is hoped that it will create 
a type of field worker having the advantages '^f a 
trained nurse and at the same time knowledge neces¬ 
sary to understand social problems. 

The Institute of Medicine of Chicago offers a prize 
of $500 lor the most meritorious investigation in 
medicine or in the specialties of medicine. The inves¬ 
tigation may be also in the fundamental sciences, 
provided the work has a definite bearing on some 
medical problem. Competition is open to graduates 
of Chicago medical schools who have received the de¬ 
gree of M.l). during the year 1931 or thereafter. 
Manuscripts must be submitted to the secretary of 
the Institute of Medicine of Chicago, 122 South 
Michigan Boulevard, Chicago, not later than Decem¬ 
ber 31, 1933. In the case of a paper submitted by 
more than one author, it is stipulated that all the 
authors must qualify, and that the prize paper be 
published under the same authorship as that under 
which it was submitted. The winner of tlie prize will 
be expected to present the results of his investigation 
before the institute at some^oeting in 1934, the time 
to be designated later. If no paper presented is 
deqmed worthy of the prize, the award may be with¬ 
held at the discretion of the Board of Governors. 


DISCUSSION 

THE PROBLEM OF TWISTED TREES of Heredity, Journal of the New York Botanical 
SUBVETiKO the various contributions to this subject, Garden and Nature, we find fair accord on the fol- 
wlu<di have recently appeared in Soibhoe, the Journal lowing essential points: (1) The wide distribution of 
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the reg:Dlar tree twisting or spiral grain formation; 
(2) the aptitude of particular plant species to this 
structural form, and (3) the prevalence of tree twist¬ 
ing in certain localities. No agreement, however, is 
found as to the causes underlying this phenomenon. 

Now, if we view the problem before us, in conjunc¬ 
tion with such biological occurrences, as the curling 
and twisting of wool fibers, silk worm and spider^s 
web, as well as the spiral growth of the bacterial 
colony filaments—we realise not only its general char¬ 
acter but also that its solution is to be sought in the 
fundamentals underlying the evolution of organized 
matter. 

Again, considering the fact that (1) the tracing of 
an organism’s form and functions to some more primi¬ 
tive type of organic life is basic to our conception 
of evolution, (2) many fundamentals of oiganic life 
are but a reproduction of some characteristic property 
of the inorganic constituents (mineral medusa, mush¬ 
room and arboreal forms^) and (3) spiral formations 
are general throughout the inorganic world,® we may 
take it that the problem before us ultimately finds its 
foundation in the general principles of periodicity.® 

He vie wing these principles, we find (I) periodic 
structures are the material record of an undulatory 
movement m a mobile magma. This movement char¬ 
acterizes generally the relationship of matter and 
energy and is ejtpressible in terms of wave-mechanics, 
(II) as a record of change or transition periodic 
precipitations are determined by the relation existing 
between the frequency amplitude of undulation and 
the boundaries of the system and (III) periodic pre¬ 
cipitations are in general not confined to physical or 
chemical phenomena only and are not restricted to 
any specific state or phase of matter or to any definite 
number of components. 

In considering the problem of periodic precipita¬ 
tion, we must boar in mind, however, the fact that 
whilst the fundamental principles of periodicity and 
its material records are not limited to any state or 
phase, the actual type and complexity of each periodic 
precipitation is determined by all the properties of 
the particular phase of matter involved in the phe¬ 
nomenon. This IS specially the case with the colloidal 
state capable of functioning as either a system-boun¬ 
dary, medium or component or even all these rolled 
together, thus evolving the mineralogical and biologi¬ 
cal periodic structures in all their ramifications. 

Turning our attention to organized matter we find 
that minerals constitute an intrinsic component in 

iHatBchek, Proc. Soy, 8oo,, 9^5A: 303, 1919; Oopi- 
sarow, Jour, Chem, 8oo,, 233: 1927: Roll, ZoiU,, 47: 60, 
1929. 

aOopkarow, KoU, 2eiia,, 64; 267, 1931: Jour, Phya. 
Chem,, 36: 762, 1932. 


every oiganic cell extending from the iron and aultur 
bacteria up to the highest floral and faunal com¬ 
plexities.* 

The alkaline earth group, together with some siU- 
oates, represents the materiai which imparts proteo- 
tion, rigidity and form to living matter. This 
function is the direct outcome of the physical and 
chemical properties of these substances, and therefore 
we may expect to find in the mineral world Uome 
primitive skeleton outline of the organic structural 
forms. Actually the salts of caloiom, barium and 
strontium as well as silicates produce arboreal growth, 
such as creeper, bush and tree like forms.^ 

This stabilizing tendency—both in their inorganic 
condition and in organized matter—is undoubtedly 
due to the transitory colloidal state of these subatanoes 
and the particular character of osmosis resulting from 
it. A more detailed study has shown that this char* 
aoteristio is even more specific and the growtih is 
typical to each individual radical or group. 

So we find the calcium salts yield tree-like forma¬ 
tions with a corrugated surface, barium salts give 
straight growth with a spiral surface, strontium salts 
form beautiful spirals, of a smooth tape-like growth, 
whilst silicates produce bamboc^Uke formations. 

Again, our experience with the introduction of such 
groupings as sulfates, carbonates, phosphates and 
oxalates shows that the increase in constitutional com¬ 
plexity of the radical combinations, especially organo- 
metallic associations, is followed by a remarkable 
impetus in arboreal growth and general functional 
augmentation. Also, synthetic arboreal growth in tbe 
ferrocyanide, arsenate and arsonite groups finds prob¬ 
ably a basic expression in the presence of hydrogen 
cyanide and arsenic in the organism, the assimilation 
of arsenates and arsenites by plants and the great 
therapeutic influence of arsenic on animals* 

The gradual substitution of these substances hy one 
another in the organism without impairing general 
metabolism seems to be wpll established The silimous 
matter of the lower oiganism gave way to calcium 
carbonate, which in its turn was substituted by cal* 
cium phosphate in the higher forma. Our study of 
bacterial culture media, general nutrition and such 
plants as loco-weed, tobacco leaves, etc., shows that 
this substitution is applicable to barium and pos¬ 
sibly strontium. 

Xu the light of these facts it would seem that tree 
twisting is primarily due to local soO pecnliaxitm 
which eventually modified the structural oonstitaontii 
of the plants. In the course of evolution th6 cemtaat 
and inductive influences transformed the mineral 
efifioreseenoe and arboreal growth into new strhcttirea 
more complex both in form and substani^ 

sOppisarow, Chamioia 134: 366, 393, 36B, , 
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The eemixig into beu^ of oi^^ano-metallic and or- 
ganie aasoeiadotis brought with it differences not only 
in composition but also in constitution resulting 
ultimately in the separation of optically active 
isomen by a process of gradual elimination/ The 
arboreal growth, retaining certain basic features of 
form inherent in their structural mineral radicles or 
groups, lost its arbitrary direction and became defi- 
nttdy orientated in accordance with the predominating 
stereo-isomeric form of its constituents. 

The alteration in the direction of twist with age, 
recorded by several observers, is not really surprising. 
The great enzymatic transformation during embryonic 
development, ripening of fruit, os well as the intimate 
connection existing between enzymes and the cell 
nucleus—^naturally involve a radical change in all 
plant constituents, which may of course be followed 
by a corresponding reversal of the helix. 

Thus we find that the cause of the general twisting 
of trees is two-fold—^internal and external. The in¬ 
ternal factor is found in the specific character of the 
plant constituents (fusion products of heredity and 
environment) which determine the type of capillary 
spiral movement of its fluid nutrients and flbnllar de¬ 
positions operating on the general principles of perio¬ 
dicity. In the case of young non-rigid plants these 
internal influences are enhanced or retarded (as the 
case may be) by light tropism and prevailing air 
currents* The systematic effect of these contributing 
external causes is however reduced to a minimum in 
old rigid formations. 

Here, temperature, pressure, winds, sunlight as well 
as various parasitic and toxic influences may affect 
stature and produce structural abnormalities hut do 
not participate in the evolution of the regular twisting 
in trees. 

Matmios Copisakow 

Rkseaxca Labohatost, 

145 Albxandila Rd., 

MAKCHssrxa, Rnolano 

CHLORPICRIN INJURIOUS TO GRBEN- 
HOUSB PLANTS 

view of the proniiaing indications for chlorpicrin 
as a sou fumigant for nematode control, reported 
idsewhere,^ recent evidence of the capacity of small 
concentrations of this gas in the air to injure greon- 
faoUM pknta may be of special interest to investiga- 
tors. 

In an experimental fumigation of a plant bed just 
"'outeida one of the Plant Pathology greenhouses at the 

4 Brit Assoc. Adv. Scisnce, Toth meeting, 1932* 

lit, 0. Johnson and E. Godfrey, ^^Chlotopiorin for 
, Nematode Oontrol/^ InduH. cad Sng, Chem., 843 311- 
X982* Other papers on this subjeet have been sub- 
; iifx publleiwm 


University of California, Berkeley, California, some 
of the gas escaping from the soil found its way into 
the house and caused severe injury to tobacco, straw¬ 
berry, coleus and other plants. The actual concen¬ 
tration of the gas as it became diffused into the green¬ 
house atmosphere was very low, probably not greater 
than 20 parts per million. It was detectable by a 
smarting of the eyes but not by odor. Details of 
the arrangement of the fumigated plot with relation 
to the greenhouse, together with illustrations and 
descriptions of the signs of injury produced upon the 
plants, will be presented in another paper, probably 
in Phf/topathology^ This preliminary statement is 
made as a warning to other investigators who may be 
contemplating making applications of chlorpicrin to 
greenhouse soils to control nematodes. If applica¬ 
tions are made in benches or beds inside the house 
with growing plants elsewhere in the house, such 
plants may become severely injurod from the escap¬ 
ing gas, even though they may be some distance away 
from the site of fumigation. 

Q. H. Godfrey 

Univxbsitt of Californu 

THE ANNIVERSARY OF THE NORMAL 
CURVE 

The two hundredth anniversary of the discovery of 
the normal probability curve falls this year. It is 
interesting to note that the discovery of the curve was 
made by a man whose name is seldom, if ever, at¬ 
tached to it. It is also signiflcant that the discoverer 
thought that his contribution was to pure or abstract 
mathematics and that the most practical use that 
could ever be made of his discovery was in connection 
with games of chance. 

The man was DeMoivre. He published his findings 
on November 12, 1733. Since that time such wide 
use has been made of the curve that the above date 
becomes a landmark of considerable importance, espe¬ 
cially in the social sciences. 

In a recent book on the history of statistics^ the 
following treatment of the event is found: 

The intensive study which DeMoivre gave to this 
work, together with his applications of the binomial 
theorem, led him a few years later—probably about 1721 
—to discover a formula for the^atio between the middle 
term and the sum of all the terms of (1 — 1)“, and thus 
boceme the discoverer of the normal curve. Many of 
the recent treatises on probability and sampling approach 
the matter by a method quite similar to DeMoivre’s use 
of the binomial expansion. 

This formula, first published November 12, 1733, is 
the fonts St origo of the normal curve. In 1730 De¬ 
Moivre had brought out his Misosllansa Attaiytiea and 

1 Helen M. Walker, Studies in the History of Statis¬ 
tical Method,'' pp. 13-14. Williams and Wilkins: Bal¬ 
timore, 1929. 
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three years later he presented privately to a few friends 
a brief paper of seven pages with the title Approasimatio 
ad Summam Tcrmifiarum Binomii o — 6* in Seriem Mx- 
pansi. The discovery of this exceedingly rare document 
is duo to Pearson. . . . 

In this obscure treatise on abstract mathematics, writ¬ 
ten in Latin nearly two centuries ago, and supposed by 
its author to have no practical implications outside the 
realm of games of chance, in this brief supplement now 
so rare that only two copies have been reported extant, 
we have the drst formulation of the momentous concept 
of a law of errors. 

Charles J. Marsh 

StANFOED UmVERSITT 


QUESTIONS 

If tomatoes grown in greenhouses have vitamins, 
does it mean that ordinary window-glass transmits 
ultra-violet radiations: or does it mean that plants 
can build up vitamins without the help of ultra-violet t 
If sunlight is essential for chlorophyll formation 
by plants, how did it happen that sprouted seeds with 
primary and secondary roots, a stem and fully 
chlorophyllatod cotyledons and primai-y leaves were 
found inside an opened Spanish succulent yellow 
gourd which had been in the shade in the house for 
eight monthst Frederick S. HAMMim 

PaoviNCBTOWN, Mass. 


REPORTS 


PUBLIC SERVICE AS AN ELEMENT IN THE 
LIFE OF THE AMERICAN SCIENTIST* 

It has been said truly, that our universities magnify 
the advantage of the individual at the expense of 
humanity. Few that leave acadenuc halls with de¬ 
grees in their pockets carry with them any consider¬ 
able sense of public duty or think of anything be¬ 
yond their own personal advancement. Recognition 
of the duty of parentage, for instance, is an essential 
element in any lusting civilization; but any sense of 
such a duty is almost entirely lacking among our 
collegiate young men and women. What professor in 
his lectures, what college president in his bac¬ 
calaureate ever mentions that subject? Yet to teach 
and to practise public service, and service to human¬ 
ity arc especially the duties of scientific men. 

Ours is the most humane and altruistic of profes¬ 
sions. Yet we commonly fail, I believe, rather griev¬ 
ously in respect to public service. I shall deni with 
this subject quite concretely, ns it is illustrated in 
a great social, political, moral and toxicological ques¬ 
tion now before the American people. I refer to the 
public duty resting upon American physiologists, bio¬ 
chemists, pharmacologists and pathologists in rela¬ 
tion to the alcohol question. 

Through an odd chain of events I became during the 
past year virtually, although of course unofficially, 
consulting toxicologist to the Congress of the United 
States. It is mainly on my advice that legal beer 
is to be 4 per cent, by volume and 3.2 by weight. 
The volume of such a beverage that must be taken to 
induce even the lowest slightly intoxicating concen¬ 
tration of alcohol in the blood (one milligram of 
alcohol per cubic centimeter of blood) is at the limit 
of the capacity of the human stomach. 

The studies which this service involved led me to 
read practically all the testimony on this subject 

ipart of an address at the dinner of the Federation 
of American Societies for Experimental Biology, at Chn- 
einnatl, April 11, 1933. 


that has ever been given before Congressional Com¬ 
mittees by scientific witnesses. And the more I read 
the more I was exasperated by the attitude that we 
scientists generally take when called on by legisla¬ 
tors for advice; and the more tolerant and oven sym¬ 
pathetic I become toward those much maligned bod¬ 
ies of men, the members of Congress and of the legis¬ 
latures. 

Legislators are necvcssarily called upon to decide 
a vast number of questions in all fields of human ac¬ 
tivity. On many of these questions even the most 
broadly educated man, unless he has specialized on 
that one subject, can have only superficial informa¬ 
tion. Legislators are not specialists. But they can 
and do call upon scientific men who have specialized 
on each particular question. 

In this case the question is the toxicological proper¬ 
ties of alcoholic beverages. What do they get in 
reply? One scientist says, “Alcohol is a food.” An- 
,other says, “Alcohol is a powerful narcotic drug,” 
Others add other facts. All these statements are true 
scientifically. But what is the poor legislator, anxious 
to do his duty and to legislate wisely, to make out 
of such raw facts? Scarcely any scientific witness 
seems to realize that what is actually needed is that 
he himself shall emphasize the practical significance 
of the scientific facts, and shall show the legislators 
to what conclusion and to what policy these facts 
point in relation to the public welfare. 

I know that many scientific men will disagree with 
me on this. One of our most eminent colleagues, 
when I presented this view to him, offered the ob¬ 
jection that what I proposed “involves more than the 
scientist’s function; it requires him to speak as a 
citizen.” To this I would reply that one does not 
escape the responsibilities of a eitiaen merely be¬ 
cause he is a soientiflo expert. 

As to the alcohol problem it is surely clear that 
the American people have made a woef^ failure to 
control its evils both before and tinder prohibition; 
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and that without soientifle guidance a third experi¬ 
ment may not turn out any better. Is it not clear 
that this failure in the past, and possibly in the 
future, is due to the popular ignorance as to the un¬ 
derlying Boientiflo facts f Is it not also true that it 
is only such scientific men as we who are gathered 
at this meeting that can supply and interpret the 
facts f 

You may not believe it, but it is true, that a large, 
conscientious, determined and utterly ignorant ele¬ 
ment among our fellow citizens honestly believes that 
*'beer is more intoxicating than distilled spirits.” 
Not one legislator in a hundred realizes, until it is 
explained to him, that to allow spirits to be dispensed 
under the same conditions as the merely fermented 
beverages is equivalent to allowing tobacco shops to 
sell morphine and cocaine under the same conditions 
as tobacco. 

Our British colleagues have served their nation 
much better. They have the great tradition and in¬ 
stitution of royal commissions and similar advisory 
bodies that in England are so effective in the funda¬ 
mental direction of national policy. On the alcohol 
question the facts and their meaning have certainly 
never been put more clearly than they were by a com¬ 
mittee that reported a few years ago to the British 


Liquor Control Board. On that committee were such 
men as Cushny, Dale, Newman, Mott, McDougal and 
Sherrington. What they reported was virtually noth¬ 
ing more nor less than that the mass law of chemis¬ 
try applies to alcoholic beverages. Those beverages 
that are concentrated are powerful and harmful in 
their effects. Those that are dilute are relatively in¬ 
nocuous. So clear was their report both in its pres¬ 
entation of facts and in the inference derived from 
those facts, that the Judiciary Committee of the Sen¬ 
ate embodied the whole British statement in its own 
report.^ 

1 have not the time in a mere after-dinner speech 
to develop this topic in detail. I have done so, how¬ 
ever, in an article soon to appear in a general jour¬ 
nal.® But is it not clear, when we face the facts 
known perfectly well to all of us here at this meet¬ 
ing, that the line of public policy and legislation that 
should be followed, that must be followed, if the evils 
of alcohol are to be minimized, is that of substituting 
the more dilute for the stronger alcoholic beveragest 

I ask your cooperation in teaching the American 
people, and particularly the legislators, the mass law 
in its application to alcoholic beverages. 

Yandbll Henderson 

Yale Univeesity 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A LOW-COST LABORATORY UNIT FOR 
LIGHTING AND APPLIANCES 

A LABORATORT table lighting unit has been designed 
for individual or class use to provide a satisfactory 
artificial light source for both high power microscopy 
and table or stage dissection, providing also outlets 
for electrical appliances. It is believed that the im¬ 
provements incorporated will be of extended use 
where economy (».«., construction, installation charges 
and operation) must also be taken into consideration. 
The major points concerning the fixture are the 
utilization of the recently developed inside frosted 
blue daylight lamps in the larger sizes, suitable for 
use in naked fixtures without color filters or globes, 
and the oonvenienoe-outlets so often beyond reach but 
here made a part of the lighting fixture. 

(1) Provision is made for interchangeable use of 
lamps from 150 to 300 watts, maintaining the center 
of illumination within the fixture by socket exten¬ 
sions for the 150 watt and 200 watt sizes, and em¬ 
ploying the medium-screw ^‘skirted” base for the 
largest size. Inside frosted Mazda blue daylight 
lamps are recommended for the reasons indicated in 
paragraph 3. 

(2) Beam intensity values at the table top and 30 
inches from the base of the unit^ with the lower edge 
of the reflector hood 17 inches above the table top, 


for three sizes of inside frosted blue daylight lamps 
with same position of light-center, are as follows:^ 


Lamp size 
in watts 

Socket 

exteii' 

Bion 

Intensity in ft. 
candles at 30° 
from plane of 
table® 

Intensity in f-c 
in piano of 
table 

150 

3 

23 

9 

200 

2 

30 

13 

300 

0 

41 

16 


(3) The quality of the light from the inside frosted 
blue daylight lamp matches average daylight suitably 
well for general use, and for those who are accus¬ 
tomed to studying by the latter medium this quality 
is an appreciable gain over the inside frosted white 
or the clear daylight incandescent lamps. 

Normal lamp life is anticipated in the ordinary 
operation of the inside frosted blue daylight lamp in 
the fixture. It is pointed out, however, that the color 

2 Senate Report No. 1106, 72nd Congress. 

^Harper's Magaeine for June, 1033. 

1 Measured with Weston Model No. 603 Photronlc 
IHumination meter, equipped with a green-yellow filter 
so that the color sensitl^ty of the instrument matched 
that of the human eye. 

2 Ca, angle of microscope mirror. 
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qttality, intensity of the light and the life of the lamp 
ave dependently related. For a closer approach to 
average daylight the lamps may be operated at from 
100 to 105 per cent of their rated voltage. When the 
average line-voltage during normal operation is 116 
volts (».«., at full-load conditions of the circuit being 
used) lamps having a rated voltage of 110 volts may 
be used. This results in 60 per cent, of lamp life, 
107 per cent, watts consumed, 116 per cent, light 
intensity and a color quality richer in the blue. The 
cost of operation (lamps plus energy) under these 
conditions is not an increase per unit of light, and 
permits the use of smaller bulbs for the same intensity 
and of a whiter light. 

(4) The fixture-unit (see Fig. 1) has been sturdily 



built It is flexible in construction, with parts readily 
accessible. The height of the unit may be adapted so 
that the lower edge of the reflector hood is fixed at 
some arbitrary distance above the table top; 12 
inches for tables using one or two microscopes and up 
to 17 inches for tables using 6 microscopes. The 
reflector hood is ventilated to provide better lamp 
life. Its stem is intended to be rigidly connected to 
the table top to facilitate concealed table wiring; but 
this may be modified at a slight additional cost to 
permit surface wiring or use as a portable unit. A 
rubber guard is placed between the base of the unit 
and the table top to protect the wiring from liquids 
accidentally spilled around the base. 

(5) The duplex receptacle outlets have been located 
in the lamp base convenient for simultaneous use of 
four electrical appliances, such as stage warmers, 
micro incineration outfits, etc. A separate toggle 
switch controlling the lamp only is also located in the 
base of the unit. 

(6) Finish of the unit is made durable by a dull 
black bakelite coated surface; but may be altered to 
match other requirements. The interior (».e,, refleet¬ 
ing) surface of the hood is a matte white having a 
coefficient of reflection of 94 per cent, in oomparison 
with a standard magnesia test aurface. 

The reflector hood is proportioned and located to 


mmimiae direct glare from the unit itself and ako 
from units on neighboring tables, The lamp proper 
is placed in the ‘‘base-down” position and only a por¬ 
tion of the neck of the lamp is visible. When the 
inside frosted blue daylight lamp is used, this visible 
neck portion of the lamp is free from objectionable 
glare. 

(7) Low cost is obtained because of the simplified 
design, use of standard fittings and standard lamps. 
This low initial cost is accompanied by decreased 
wiring costs when making the installation because 
both the lighting and receptacle outlet loads are fur¬ 
nished from the same branch circuit, thus making it 
unnecessary to provide one complete branch circuit 
for the lighting and another complete branch' circuit 
for the receptacle outlets. This unit may be installed 
in an existing laboratory without prohibitive rewiring 
costs. 

Laboratory replacements are in progress using this 
new fixture at the Marine Biological Laboratory, 
Woods Hole, Massachusetts, with the oooperatioiji of 
the Biddle-Qaumer Company, Philadelphia, and t^e 
laboratory faeilitiee of the Moore School of Eleotrical 
Engineering, University of Pennsylvania. 

SAMumi E, Pond 
Otto Mbixr, Jr. 

TJnivkbsitt or Pennsylvania 

A SIMPLE SUBSURFACE THERMOMETER 

In order that fishermen may take advantage of the 
findings of recent research into the relationship of 
fish to water temperature it is necessary that a sub¬ 
surface thermometer be used in the course of fishing 
operations. The difficulty so far has been to devise 
an instrument of low cost The apparatus described 
here entails only the purchase of an ordinary mini¬ 
mum thermometer. Since reversals of temperature 
gradient are comparatively rare, espeeially in water 
of less than 50 fathoms, the nunimom thermometer 
can be used for practical parposes to give the tem¬ 
perature at the greatest depth to which it may be 
lowered. 

The precaution necessary in its use is that it must 
be maintained in the horizontal position throughout 
the operation of lowering and hauling; otherwise the 
double^headed pin may slide. As a rule the pin is 
not very sensitive and will usually stand a tilt of os 
much as without sliding. The accompanying 
JUustration shows the means of maintainu^ 
^thennometer in the horizontal poaitioUr 

It is suspended between the opposing puBs of a 
submerged float and a weight. The lifting power 
of the float is oonHiderably less tbAn the sinhing 
power of the weight. The fl^re shows the appMfSinw 
resting on the sea-botton, the mmal irhkh 

a temperature will nee4 to be Udmm 
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line is slack. Before lowering, the thermometer must 
be tilted so that the pin touches the meniscus. As 
the column contracts it is drawn back and left behind 
on subsequent expansion of the column as the ther¬ 
mometer reenters a zone of higher temperature. In 
the figure the size of the thermometer is exaggerated. 
Jn practice the distance from the thermometer to the 
sinker should be about a yard. On lowering, the bot¬ 
tom will be felt as in an ordinary sounding; and the 
observer has merely to wait a few minutes and haul 
up, the pull of the float maintaining the horizontal 
position throughout. 

G. F. Sl^EJGGS 

MXUOBIAL UmVB&BITY OOLLEQB, 

NBWTOUKDnAXD 

A SPECIMEN MOUNT FOR INSECTS AND 
OTHER OBJECTS OF NATURAL 
HISTORY, ETC. 

Th» following description of a method of making 
permanent mounts of natural history specimens is 
based on work done at the Bermuda Biological Station 
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in January to March in 1933, the plan being adopted 
during January with trials of different manipulations 
and with tests of the availability of each. 

A dry cell is made by punching the center of a 
cardboard, bristol-board or similar material of dif¬ 
ferent thicknesses or, where necessary, by building up 
to desired thickness by assembling several together, 
and then gluing a proper sized sheet of Cellophane to 
one side with duoo or Cellophane adhesive, making a 
cell of sufficient depth to aooommodate the object to 
be preserved. The cell and the object are dried by 
warmth and then the cell closed by applying adhesive 
to the upper side of the card and drawing the Cello¬ 
phane down over the cell and pressing it to make a 
smooth adhesion and, if desired, turning a lap over 
on the under side and closing the ends by laps of 
the Cellophane. This makes a mount that is com¬ 
pletely enclosed by moisture-proof Cellophane pro¬ 
tected from mold, moisture, insect pests or other 
sources of deterioration and is especially applicable 
for insect or other collections in tropical or humid 
climates. Specimens so mounted are available for 
immediate and convenient examination or study with 
lens or microscope, either compound or binocular, and 
can be studied from either side or even at a consid¬ 
erable angle, since the thin layer of Cellophane does 
not interfere with extremely close study. Records or 
labels placed on the cards before sealing are also 
permanently protected by the transparent covering. 
Specimens mounted in this manner during January 
and exposed for a number of weeks to the attacks of 
arits, cockroaches and other pests and also to molds 
have shown no traces of injury, and it is believed that 
they will maintain their condition for an indefinite 
period. Delicate insects like mosquitoes and parasitic 
hymenoptera as well as insects of larger size are kept 
in perfect condition. 

These mounts have been observed by a number of 
workers at the Bermuda Biological Station and have 
also been shown to a number of other specialists and 
all have agreed that the method seems to have a wide 
application and to be worthy of special notice. 

Herbeut Osbobk 

Ohio State University 


SPECIAL ARTICLES 


THE ABSOLUTS MOTION OF THE SOLAR 
SYSTEM AND THE ORBITAL MOTION 
OF THE EARTH DETERMINED 
BY THE ETHER-DRIFT 
EXPERIMENT^ 

Tsa «the^drif t «xperiinea1y first nggested by Maz- 

X Baad bafwt the National Aaadeny of Scleneee, Waah- 
D. 0., April, 1083. 


well'in 1676 and made possible by Miohelson’s inven¬ 
tion of the interferometer in 1881, though capable of 
being applied to the detection of the general absolnte 
motion in space of the earth, was aotually arranged 
for deteteing only the known orbital eompooent of the 
earth's motion. For the first time, in 1025 and 1920, 
at Mount Wilson, the writer made observations of 
snob extent and completeness that they were suifioient 
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for the determination of the absolute motion of the 
earth* These observations involved the making of 
about 200,000 single readings of the position of the 
interference fringes, and lead to more than 25,000 
single values of both the right ascension and declina¬ 
tion of the apex of the motion. 

The ether-drift effect in the interferometer, as is 
well known, is a second order effect, and the observa¬ 
tions correctly define the line in which the absolute 
motion takes place, but they do not determine whether 
the motion in this line is positive or negative. 

At the Kansas City meeting in December, 1925, be¬ 
fore the completion of the Mount Wilson observa¬ 
tions, a report was made showing that the experiment 
gives evidence of a cosmic motion of the solar system, 
but which failed to identify the effects of the orbital 
motion, though it seemed that the observations should 
have been quite sufficient for this purpose.® 

In the autumn of 1932, a reanalysis of the problem 
was made, based upon the alternative possibility that 
the motion of the solar system is in the cosmic line 
previously determined, but is in the opposite direc¬ 
tion, being directed southward. This gives wholly 
consistent results, leading for the first time to a defi¬ 
nite quantitative detennination of the absolute motion 
of the solar system, and to a positive detection of the 
effect of the motion of the earth in its orbit. 

The apex of the cosmic motion of the solar system 
is located in the right ascension of 4 h., 56 m., and in 
decimation 70° 30' south, diametrically opposite the 
apex previously announced. The velocity of the cos¬ 
mic motion is determined by comparison with the 
known velocity, 30 kilometers per second, of the 
earth’s orbital motion, and has the value of 208 kilo¬ 
meters per second. For some unexplained reason the 
observed displacement of the interference fringes in 
the interferometer corresj>onds to about one twentieth 
of the full velocity. This might be accounted for by 
an incomplete Lorentz contraction, or by Stokes’s 
theory of a dragged ether. 

The location of this apex is in the southern constel¬ 
lation Dorado, the Sword-Fish, and is about 20° south 
of the star, Canopus, the second brightest star in the 
heavens. It is in the midst of the famous Great 
Magellanic Cloud of stars. The apex is only about 
6° from the pole of the ecliptic; thus the indicated 
motion of the solar system is almost perpendicular to 
the plane of the ecliptic. This suggests that the solar 
system might be thought of as a dynamic disk which 
IS being pulled through a resisting medium, and which 
therefore sets itself perpendicular to the line of 
motion. 

Dayton C. Miller 
Case School or Applied SaENCK 
2 SOIENOE, 03: 483-443, 1926. 


TH£ PHOSPHORESCENCE OF SOLID NITRO- 
GEN AND ITS RELATION TO 
CRYSTAL STRUCTURE! 

In 1924 it was shown that solidified nitrogen, when 
exposed to electric rays, emitted an intense lumines¬ 
cence, consisting of bands, a number of which re¬ 
mained in the afterglow. Thus we have the ease of a 
chemical element having the properties of a phos¬ 
phorescent body. 

When the temperature is raised above 35.5° K, solid 
nitrogen passes over from the phosphorescent a-£orm 
to another modification which has lost its phos¬ 
phorescent power. 

This phenomenon gives an important point of 
attack for the elucidation of the phosphorescent proc¬ 
ess. For this purpose the luminescent phenomena 
were analyzed and interpreted, and secondly the crys¬ 
tal structures of the two modifications of solid nitro¬ 
gen were analyzed by means of Rontgen rays. 

The analysis of the luminescent band-spactra led to 
the view that the bands appearing in the afterglow 
are due to “forbidden” electronic transitions from 
metastable molecular states. Thus the B-system 
emitted from solid nitrogen corresponds to an elec¬ 
tronic transition from the metastable A-state to the 
normal state of the nitrogen molecules. 

The Rontgen-ray analysis gave for a-nitrogen a 
cubical structure, where the atoms of the molecular 
elements are arranged according to the space grroup 
and where the molecular axes have fixed positions 
in the space lattice. This structure lets us understand 
that the metastable states (which in the gaseous form 
are soon destroyed) in the a-form may be left undis¬ 
turbed for a time sufficiently long for the forbidden 
transition to take place. 

The analysis of the ^-form was even more difficult, 
but finally it was found by us and independently by 
Ruheman that ^-nitrogen has a hexagonal structure 
and that the elementary cell has dimensions nearly 
corresponding to a hexagonal closest packing of 
spheres. 

For our problem it was of importance to go a step 
further and try to find out the positions of the indi¬ 
vidual atoms; but it appeared that the Rontgen re¬ 
flections could only be accounted for by assuming the 
centers of the two atoms of a molecular element fall 
in the center of the molecules. This means that the 
individual atoms have no fixed positions and that the 
molecules rotate in the lattice. The rotating moleoules 
require more space, which is seen from the fact that 

! Read before the National Academy of Sciences, Wash¬ 
ington, D. 0., April, 1933. 
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the molecular volume by tbe transfonuatiou increases 
from 45.37 A® to 47,12 A®, The rotating molecules 
also explain the rapid fall of the Bontgen-ray reflec¬ 
tions with increasing deflection-angle. That molecu¬ 
lar rotation can occur in the solid state ia evident 
from the two modifleations of hydrogen, and the 
problem has been theoretically treated by Paoeling. 
In this connection, it is of interest to mention that 
the oxygen modification, stable above -220.5, was 
recently found by us to have a cubical lattice with 
rotating molecules. On the basis of our interpreta¬ 
tion of the luminesoence, we immediately see the 
reason why the ^-modification has lost its phosphores¬ 
cent power. 

The rotational motions of the molecular elements 
of the lattice will disturb the metastable states just as 
in the gaseous system before the forbidden transitions 
can take place. 

Reasons are given for the view that the excitation 
consists in a kind of disaooiation process and that re¬ 
combination takes place through certain metastablo 
states. The phosphorescence, at any rate in our case, 
should be closely related to chomiluininescenoe, the 
main difitereuce being that in the case of phosphores¬ 
cence the reacting chemical substances are first to be 
formed through the excitation process. 

L. Vegari) 

COUPLED REACTIONS IN BIOLOGICAL 
SYSTEMS 

The following is a summary of some preliminary 
investigations of two coupled reactions in biological 
systems: (1) The reduction of pyruvate to lactate by 
means of the energy of the anaerobic oxidation of 
formate to bicarbonate, and (2) the reduction of 
fumarate to euccinate through the anaerobic oxidation 
of lactate to pyruvate. Toluene treated B. coli served 
BB enzyme system for both reactions. 

It was found in both instances that an intermediate 
substance was necessary which could be reduced at the 
locus where the one metabolite was oxidized, and re¬ 
oxidized wheto the other was reduced. The inter¬ 
mediate substances were methylene violet for the lac¬ 
tate-pyruvate-formate-bicarbonate system, and methy¬ 
lene blue for the suocinate-fumarate-lactate-pyruvate 
eyatem. Without these mediators no reaction oc- 
ourred. 

These findings support the hypothesis of active 
centers proposed by Quastel.^ They indicate that 
“half reactions” can not occur, and therefore the 
necessity for mediators, or carriers of energy from 
the point where energy is liberated to the point where 
it is used, when the energy-liberating and energy-ab¬ 
sorbing mechanimns are separate; that in the 

1 J. H, Quastel, Biochem, Jour., 20: X66, 1926. 


toluene treated B. coli there is no mechanism corre¬ 
sponding to metallic conduction. They show also that 
toluene treated J9. coli contain no mediators capable 
of serving in the two systems studied. 

Further, these experiments suggest that when oxy¬ 
gen is used in vivo the centers at which oxygen is 
bound must bo intimately associated with the dehy¬ 
drogenase mechanisms, or that one or more mediators 
similar in their function to reversible dyes intervene 
between the oxygen binding and the dehydrogenase 
mechanisms. These alternatives are not mutually ex¬ 
clusive. They may co-exist and even supplement 
each other, as possibly, for example, in the case of the 
non-iron-containing respiratory ferment system de¬ 
scribed by Warburg and Christian.^ 

Hermann F. Schott 
Henrt Borsook 

Caufornia Institute or Tkchnolooy 

SOME ASPECTS OF INTERMEDIARY PRO¬ 
TEIN METABOLISM 

The exogenous origin of creatine was first demon¬ 
strated by Levene and Kristeller in 1009 in their 
protein feeding experiments with cases of muscular 
dystrophy. In 1929, we reported^ that glycine fed 
to patients with muscular dystrophy produced a 
marked rise in creatine excretion (confirmed by 
Thomas et and others), whereas glutamic acid 
and cystine had no effect. Studies with a number of 
other amific acids and various other substances were 
also reported. The effect of the removal of glycine 
and of glutamic acid from the metabolic mixture 
through the feeding of benzoic acid and phenylaoetic 
acid, respectively, was investigated. It was found 
that the former produced a marked drop in creatine, 
while the latter was without effect. We are inclined 
to infer from our experiments that the feeding of 
brombenzene, which removes cysteine from the 
metabolic mixture, would be without effect on creatine 
excretion. Owing to the possible toxicity of the sub¬ 
stance we intend to carry out suitable animal experi¬ 
ments instead. The chart shows only the essential 
results of a few representative experiments.® * 

Hippuric acid, phenylacetyl glutamine and brotn- 
phenyl mercapturic acid formation: The finding that 
the feeding of benzoic acid &jid phenyl acetic acid in 
proper amounts may have no effect upon the total 
nitrogen catabolism, although there are appreciable 
amounts of glycine and glutamic acid, respectively, 
lost to the body as a result of “Abfang” prooesses, 

2 O. Warburg and W. Christian, Biockem. Zeite., 258: 
496, 1933. 

1 Am, Jour, Physiol. 90, 296, 

^Z, physiol. Chem, 214, 121. 

d The significance of our detailed nitrogen and sulfur 
studies can not be discussed here, due to lack of spaee. 
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we believe, would indicate that these amino acids are 
originally present in the metabolic mixture in appre¬ 
ciable amounts and not especially synthesized for 
detoxification. This view is substantiated by our 
findings that creatine is markedly redutsed by the 
benzoic acid and uninfiucnced by the phenyl acetic 
acid and also by our observations regarding the re¬ 
spective influence of glycine, glutamic acid and 
cystine upon the excretion of creatine. 

The role of glutathione in intermediary protein 
metabolism: It is a surprising fact that the only 
three amino acids—glycine, glutamic acid and cysteine 
—which seem to be available for processes of detoxifi¬ 
cation in the human are the same as those which 
form glutathione.* If glutathione supplies the amino 
acids for these processes of detoxification, then the 
unaltered level of protein catabolism accompanying 
such processes would seem to indicate that an appre¬ 
ciable part of normal protein catabolism goes via 
glutathione. It is possible that this view may be 
further supported by the finding that methionine re¬ 
places cystine in cystine deficient diets (Jackson and 
Block) and by the observation regarding the influence 
of methionine on the detoxification of brombenzene 
in such diets (White and Lewis). 

One may conceive that the substances, which are 
being detoxified, first combine with the glutathione, 
thereby rendering it more unstable, as a result of 
\^hich the detoxified compound splits off in combina¬ 
tion with part of the original glutathione molecule. 
This change in stability would be in keeping with our 
findings regarding factors which influence the lability 
of the glutathione and cystine molecules.^ 

E.g.^ phenylaeetic acid would combine with the 
a-amino group of the glutamic acid radical of gluta¬ 
thione, following which the aide chain splits off com¬ 
pletely at the a-carbon of the cysteine liberating 
phenylacetylglutamine. 

^This view has been expressed previously by others 
(Waelsch, H., Arch, Sxp, Path, 156, 356; Power, F. W., 
Washington Meeting, Am. Ohem. Boc. (1633)), 

^ Jour, Biol Chem., 70, 381. 


Sbiple and Bherwin have colled atienti<m to the 
obviously close relationship between phenylaoetylghi- 
tamine excreted by man and phenylacetylomithine ex* 
ereted by birds. Ornithine in this latter compound 
may be conceived as derived from glutathione by a 
process in which the distant carbonyl group of the 
glutamic acid radical is reduced to form a nor-valine 
radical, which if split off together with the a-amino 
group of the cysteine would yield ornithine. Such 
mechanisms may have some bearing on nrio acid and 
pyrrole formation. The possibility of glutathione 
being a souroe of ornithine is of interest in cozmeo- 
tion with the work of Elrebs on urea formation and 
the reported activation of arginase by glutathione. 
The glutamic acid linkage in glutathione, which link¬ 
age is not easily split by enzymes, has long been 
considered as unusual. The reactivity of the distant 
carbonyl group of the glutamic acid radical in gluta¬ 
thione hardly has been investigated. 

Bromphenyl mercaptuhe acid referred to above 
contains an acetyl group, which may be a remnant 
of the glutamic acid radical of glutathione, rather 
than the result of acetylation. 

Creatine formation: Our experiments indicate that 
the guanidine group of creatine is synthetic in origin 
and that glycine is involved in creatine formation. 
Since glutathione is now known to contain glycine, its 
possible relation to creatine formation is obvious. 

Creatinine formation: Creatinester hydrochloride 
and related compounds spontaneously form their re¬ 
spective anhydrides upon neutralization, the free 
esters apparently being quite unstable (unpublished 
experiments by Failey and Brand). This behavior 
of creatinester might suggest that in the animal or* 
ganism creatinine is formed from a creatine com* 
pound in which the carboxyl group of creatine is not 
free but linked up as an ester, thioxy ester or am idcr 

Our finding in oystinuria* regarding an nmuntal 
creatinine metabolism accompanying this disturbance 
in sulfur metabolism is of interest in this connection. 
Studies regarding the therapeutic and metaboUc 
effects of‘ glutathione and of mixtures of its con* 
stituent amino acids in myopathies are beii^ planned. 

We shall consider more fully some of the concept 
tions of protein metabolism outlined above and their 
implications in a more detailed publication of our 
experiments. 

This work was aided in part by a gnmt fym the 
Chemical Foundation. 
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ELECTRICITY RELEASED FROM MATTER' 

By Dr. KARL K. DARROW 

BELL TELEPHONE LABORATORIES, NEW YORK, N. Y. 


In this situation I am reminded of something 
written a few years ago by Dr. Keen, the noted sur¬ 
geon of Philadelphia. Dr. Keen was bom in 1837 
and he remembers men who were in their eighties 
when he was a child. Those men were born about 
1760, and they in turn remembered men who were 
bom around 1700 and whose lives therefore over¬ 
lapped the life of Isaac Newton. So short is the 
history of physical seienee that three human lives 
suffice to span the entire time from our days back to 
the founder of modem physics! This is an extra¬ 
ordinary fi^ct to think of, and no less extraordinary 
is the fact that two human lives suffice to cover al¬ 
most the whole of the histoiy of electrical science. 
One of these is the lifetime of our distinguished 
guest’ 

1 Address delivered at the Massachasetts Institute of 
Technology, March 29, 1983, in connection with the cele¬ 
bration of Professor Ellhu Thomson’s eightieth birth¬ 
day. 


Try to think back, not 80 but 160 years, to the 
year 1773. Then, there was hardly anything deserv¬ 
ing the name of electrical science—little more than 
an orderless assortment of quaint scraps of informa¬ 
tion about static charges, sparks and permanent mag¬ 
nets. Only one great electrician whose name we all 
remember lived wholly before that time; he was, of 
course, Qilberf. One other did most of his electrical 
work before that year, though he lived long past it; 
that, of course, was Benjarairr Franklin. Now try to 
recall all the names of early electricians you possibly 
can. ’ Unless you have lately been reading the history 
of electricity, I would wager that every one of them 
will belong to the 80 years following 1853. You will 
doubtless begin by running over the names of the 
electrical units. Well, Volta, Coulomb, Ampere, 
Oauss, Weber, Faraday and Henry all flourished in 
tlbit period; and so did Galvani, Oersted, Cavendish 
and Davy. 
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These were the men who organized the science of 
electricity. They discovered the laws of attraction 
and repulsion of charged pithballa; the laws of at¬ 
traction and repulsion of current-carrying wires; the 
laws of electrolysis. Above all, they achieved the 
synthesis of electricity and magnetism. Their work 
was so thorough and their results so extensive that 
one is amazed to-day to realize that they never had 
a chance of studying electricity outside of dense 
matter. Electricity to them was a mysterious and 
reticent entity which normally lurked in the depths 
of liquids and solids. It never seemed to want to 
come out into the open, and if it was forced into the 
open by the processes of thunderstorms or static ma¬ 
chines, it hastened straight ba<^ into shelter with the 
utmost speed and violence. 

Imagine a physicist who wants to study the nature 
and properties of water, but never has any at his 
disposal, except in damp sponges, moistened blotting- 
paper and crystals containing water of crystalliza¬ 
tion. Suppose him forbidden to squeeze the water 
out of the sponges, or steam it out of the blotting- 
paper, or distil it out of the crystals. This unfortu¬ 
nate person would be in somewhat the same position 
as the electrician of a century ago, except with re¬ 
gard to the spark. To hud an image for the spark, 
we must concede him one more privilege; we must 
allow him to pump water out of a hidden reservoir 
through a pipe into a tank. He would like to be 
able to draw it off from the tank through a spigot 
in a small slow stream which he can easily observe 
and use. But, owing to some strange handicap, he 
can not do this; he can only pump water steadily 
into the tank until finally it gives way and bursts 
wide open and all the accumulated liquid rushes out 
in one terrific torrent, flooding all the neighborhood 
and threatening to drown the observer. 

As usual, the simile is imperfect and has to be 
amended. We must suppose that the wall of the 
tank heals itself as soon as all the water has rushed 
out, and remains impervious until the internal pres¬ 
sure has mounted up again to a great height. Evi¬ 
dently what our physicist needs (since he can not 
have a spigot) is a tank which will crack open when 
there is only a little water in it, so that the outflow 
will be slow, and preferably just as slow aa the influx 
of new water from the hidden reservoir which the 
pump is sending up. Now in my parable the tank 
is one of two metal electrodes which are connected to 
opposite poles of a batteiy. If the electrodes are 
separated by air of normal atmospheric density, the 
charge on the negative electrode can not burst out 
until it is built up to a hugely excessive amo^t. 
Then the wall of the metal is breached and the charge 
pours out with great violence until it is nearly aH 
gone, after which the wall is closed and no more 


charge oseapes until a new great excess is crowded 
into the electrode. 

What can be done to persuade the eharge to come 
out earlier f to come out gently and gradually and 
slowly, BO that the flow can be steady, and easy to 
observe and to control t The answers to this qnes^ 
tion form all together one' of the greatest achieve¬ 
ments of the 80 years just past. I will recall them 
briefly to you, 

The first answer was: form an arc in the open air 
between carbon or metal pole-pieces. This was given 
by Davy about 1815. It is not a convenient solution 
for one who wants to study electricity released from 
matter, because the electrical particles get badly 
tangled up with the molecules of the air almost as 
soon as they escape from the negative electrode. 

The next answer was: put the electrodes into a 
tube and pump out the air until what is left has only 
about a thousandth of the normal atmospheric den¬ 
sity. This is an admirable solution. Faraday made 
a good beginning, but for some reason or other re¬ 
linquished this field of research. It was not properly 
developed until the eighteen-sixties and the eighteen- 
seventies. We ought first to remember the name of 
the man who made the tubes, for in 1860 the injunc¬ 
tion ^^seal the electrodes into a tube’’ was not so easy 
to obey aa now. This man was an itinerant glass- 
blower who earned his living by wandering from col¬ 
lege to college in Germany and blowing such glass^ 
ware as the professors of chemistry and physics 
might happen to want; his name was Getasler. In 
Bonn he found a professor who wanted low-pressure 
discharge-tubes for spectroscopic purposes, as the 
science of spectroscopy was then just coming into 
being. Reserving the spectra for himself, this pro¬ 
fessor turned over the task of studying the dectrioal 
properties of the discharge to one of his pupils. 
This pupil, whose name was Hittorf, obtained the 
chair of chemistry and physios in a smaD and half*^ 
starved college, where he stayed for fifty years. In 
1869 he published the first of his great papers; 1 will 
quote its opening sentence: ^^The darkest part of the 
science of electricity to-day is inoontrovertilhly the 
process by which current is oondueted through gaees.” 
Nowadays we should say just the opposite^ and for 
that we should thank Hittorf; and idso CroDke% And 
others after them, but Hittorf first of all. 

Whan the density of the gas in the tube is about a 
thousandth of atmospheric density, there is a yety. 
striking and lovely pattern of colored sold 

shades, luminous clouds and intervening guUfs. ^ 
daricness; but these are signs that the etodanedl par* 
tides are getting tangled up with moleeules of the. 
gas, as in the are. When Ihe density is ten or a , 
dred times they dieappuar and ogpoitb iba 

cathode one may see a greon fluoreseenee eptaMi 
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the glaBft wftll of the tube* This le due to electrical 
rays proceeding from the cathode. They travel in 
atraight linee perpendioularly outward from the cath¬ 
ode gurface, for if a metal emblem is put in front of 
, the cathode one sees its shadow black and sharply 
bounded upon the green expanse. If the cathode is 
bowl-shaped they are focused at the center of curva¬ 
ture of the bowl, and here they will melt even a metal 
like platinum, which proves that they carry energy 
with them. If a negatively charged object is brought 
up close to the tube (with certain precautions) the 
green flare moves off, showing that the rays are 
pushed away by the negative charge. If a magnet is 
brought up, the rays are shifted as a wire would be 
if it were carrying negative charge straight outward 
from the cathode. 

These cathode rays are therefore a stream of nega¬ 
tive charges, pouring out of the cathode and acquir¬ 
ing such energy and such momentum that they ham¬ 
mer themselves against the opposite wall of the tube. 
So rarefled* is the gas that many of them go clear to 
the opposite wall unimpeded and unintercepied. It is 
because of the haste of their flight and the tenuity of 
the gas that they are able to move in straight lines 
across the hollow of the tube, and reveal themselves 
by making the glass of the wall fluoresce, and respond 
to magnets^d to distant charges in ways which make 
their nature manifest. It is because of the haste of 
tbeir flight and the tenuity of the gas that they re¬ 
main what they are when they quit the metal: free 
negative electricity, released from dense matter, dis- 
oouneeted from atoms, unburdened and discarnate. 

Rarefled as the gas may be in these eaperiments, it 
is aotflally responsible for the escape of electricity 
from the cathode. To use my former metaphor, it is 
the gas which breaks down the wall confining the eleo- 
triod corpuscles inside the metal. It is preferable, 
however) to change the metaphor and to say that the 
gas helps the electricity over the wall. It does this 
best whmi its density is neither too high nor too low; 
at atmosphexicr density we get only the violent sparks, 
at very low de^tiy, nothing at all. Why this should 
be So, and how the gas achieves the feat of helping 
the eketricity out of the metal, are very intricate 
questions to which the answers are only just begin¬ 
ning to be clear; Fortunately it happens that there 
are two ways of persuading electricity to come out of 
a metidi whish involve no gas at all and are easy to 
undoiutand. Both of these wore disoovered in the 
eighlies^ Ton know the agents involved; they are 
heat and 

M Ibr the efficacy of heat: various early savants 
eheervid phenomena which wo with our riper knowl- 
e^lain by it, but there is strong reason-for 
of discovery to a man who, as ohair- 
introduction”—Rdison. He in 


1884 was working with his carbon-filament lamps, 
these pre-war ^^incandescent lights” which nowadays, 
1 suppose, must look as quaintly old-fashioned to 
people in their twenties as a kerosene lamp to people 
in their forties. The filament of carbon, enclosed in 
a pear-shaped bulb evacuated to the degree then 
called *‘high vacuum,’’ rose in a single fragile arch 
from its leads in the socket, and the current was 
meant to flow the entire length of the arch. Edison, 
however, noticed that a good share of the current was 
evading its duty, leaking out of the negative end of 
the arch and sneaking across the hollow of the tube 
to the positive end. This he proved by making lamps 
with an extra lead, connected inwardly to a metal 
plate projecting into the hollow space between the 
bases of the arch, outwardly through an ammeter to 
the positive filament lead; there was a flow of current 
through the ammeter. 

This was one of the great observations of history. 
On its result repose essential portions of the art and 
science of telephony over long distances, whether by 
wire or wireless; broadcasting; many devices for re¬ 
mote control; a thousand ingenious feats of engineer¬ 
ing, ten thousand delicate aids to detection of light 
and sound and electricity, to measurement and ;re- 
search. In the electric lamp a mere annoyance, tbis 
^Hhermionic effect” is the vital principle of those 
other dimmer lamps not meant for lighting, the tubes 
of the radip sets now almost as familiar os electric 
light itself. 

At this point of the narration almost any layman 
would assume that Edison himself went onward and 
disoovered all these things. Not sol this was one of 
the occasions when the race was not to the swift, nor 
the battle to the strcUig. The keen inventor thought 
so little of this thing which had lain across his path 
that he showed it to a traveling British electrical en¬ 
gineer named Preece, and not only showed it to him 
but made up some extra tubes for him to take home 
and study at his leisure. Preece and Fleming studied 
the effect with care; but, so foreign to the human 
mind was then the idea of free electricity, they could 
not shake off the idea that the carbon filament must 
be projecting its own substance forth into space, with 
negative charges clinging to the atoms. Crookes en¬ 
tertained the same idea about the cathode rays in his 
low-pressure discharge-tubes. There are animals 
which .are obliged to live successive stages of their 
growth in different media, first water and then air. 
Somewhat the same destiny was imposed on the ther- 
mionie ^ect as a division of human knowledge; born 
iu the workshop of an inventor, started in life by 
electrical engineexs, it attained to maturity in the 
acadende worid. 

J. J* Thomson fostered the study of the effect at 
the SSngliifli Cambridge, but turned it over in Ibe main 
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to hia pupil, Ridiardson, aa in an earlier generation 
Pliieker had entrusted the low-pressure discharge to 
Hittorf. Richardson discovered the major laws of 
the effect and showed that they permit a beautifully 
lucid theory. We are to think of the metal as popu¬ 
lated by a swarm of corpusoles of negative charge— 
henceforth I will no longer avoid the word '^electrons*' 
—which rush about in thermal agitation and beat in 
an incessant patter against the wall of the metal. 
This “wall” is a metaphor for the force of attraction 
whereby the positive charges moored to the atoms of 
metal pull back on the electrons which arc trying to 
escape, and which is in fact confined to a thin region 
along the surface of the metal. Some of the electrons 
are moving rapidly enough to overcome this pull, and 
they climb over the wall; but at room temperature 
their number is imperceptibly small. As the metal is 
warmed up, its heat is shared by the electrons, and 
the fraction which is able to escape increases steadily. 
Eventually the outflow becomes a perceptible current 
which rises rapidly with further rise of temperature. 
Its law of increase is like that of the vapor pressure 
of a liquid or a solid, and thus we are justified in say¬ 
ing that electrons evaporate out of a metal. 

To expel electrons from a metal by heating the 
entire bulk is an effective way, but in a sense it is 
crude; we lavish quantities of energy on the atoms of 
the metal in order that the particles of electricity also 
may receive some. It would be neater to impart the 
energy directly to the electrons without wasting any 
of it upon the atoms. A distant approximation to 
this ideal is attained by sending a beam of light 
against the metal. It consists of corpuscles of en¬ 
ergy, the so-calh*d “photons”; and every now and 
then one of these will dive through the surface and 
yield up its total energy to an electron. This is the 
so-called “photoelectric effect.” 

The energy of the photons is greater, the smaller 
the wave-length of the light, and is calculable from 
the wave-length. With light of the visible spec¬ 
trum, what the electron receives is not sufficient to 
help it over the wall unless the metal is one of 
those which have walls abnormaUy low—the alkali 
metals and their alloys, and a few others. With light 
of the remote ultra-violet, the photons have energy 
enough to enable electrons to climb out of any metal 
whatever. The necessary energy, or (to preserve the 
metaphor) the height of the wall, can be determined 
by observing the wave-length of the light which is 
just able to release electrons from the motal; for the 
energy of the photons of this light is the same as the 
quantity in question and it is calculable from the 
wave-length. The height of the wall can also be esti¬ 
mated from the rate at which the thermionic current 
increases with rise of temperature. The estimates by 
the two methods agree very well and this contributes 


very much to our confidence in the theoretical picture. 
The establishment of this picture by the study of the 
photoelectric effect is largely due to a happy alliance 
of the insight of Einstein with the experimental skill 
of Richardson, K. T. Compton and Millikan. 

Now a few words about the qualities of negative 
charge when it has been released from matter and is 
available to our experimental arts. You are of course 
aware that it consists of corpuscles, the electrons of 
which 1 have already spoken, of which the charge and 
mass are definite and known. The exact evaluation 
of this charge and this mass, e and m as they are 
familiarly called, has been a great experimental prob¬ 
lem of the early twentieth century. To be precise, its 
period overlaps slightly with the nineteenth century 
(J. J, Thomson having made the earliest fairly good 
estimates, towards 1995), and also with the future, 
since measurements are still being made; but prob¬ 
ably the first quarter of the twentieth century will 
always be remembered as the time of the achievement. 
Both e and m are very small by ordinary standards; 
upwards of 10^® electrons are required to make up 
the charge which passes per second through the fila¬ 
ment of an incandescent lamp, and upwards of 10^^ 
to make up the mass of a gram. The eighteenth-cen¬ 
tury savants who spoke of electricity as a “subtle 
fluid” were well inspired, in so far as they meant neg¬ 
ative electricity; its particles are the most nimble, 
agile, penetrating and insinuating of all that are 
known, except perhaps the corpuscles of light, which 
belong to another category of existence altogether. 

Electrons in their passage through vacuum are of 
course invisible; they are perceived only when their 
flight has come to an end, as, for instance, by striking 
upon a fluorescent screen or a photographic plate or 
entering a metallic collector. Unimpeded flight is like 
a dreamless sleep, perceived only because it was un¬ 
perceived while it lasted, known only when it is over. 
Nevertheless we can trace the paths of electron- 
streams through vacua with confidence, by noting 
where they end. It is interesting also to know that 
the paths of electron-streams may be made visible by 
using a suitable small density of gas. Occasional cor¬ 
puscles elicit flashes of light from atoms which they 
strike, and these mark out the path which the main 
body of unimpeded corpuscles is following, as the 
path of an army through a hostile country by night 
could be marked by the flashes of shots fired by natives 
on whom occasional troopers hapi)ened to stumble. 

The most pleasing feature of these corpuscles is 
that, in large-scale electric and magnetic fields such 
as we can make in the laboratory, they behave just in 
the way they should in order to account for the fun¬ 
damental laws of electricity in dense matter dis¬ 
covered in the eighty years preceding 1853. Elec¬ 
trons repel one another like negatively charged 
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balls; eleotronB dashing past a magnet are displaced 
like a enrrent-carrjing wire. (Indeed it is only be- 
cause of this that we are able to define and measure 
the charge and mass of an electron). Perhaps this 
sounds self-evident, hardly worth the verifying, let 
alone the saying. However, there is no law of na¬ 
ture to the effect that things which seem self-evident 
are necessarily found to be true. I will tell you of 
a case where something not self-evident occurred. 

Suppose we send a beam of electrons against a 
crystal. The crystal is an assemblage of atoms regu¬ 
larly arranged. Each atom is a collection of electric 
particles roaming in vacant space. The sizes of these 
particles are so small compared with the spaces be¬ 
tween them that each atom may be regarded for the 
present purpose ns a narrow empty region where 
there is an electric field (and also a magnetic field) 
vaiy'ing rapidly from point to point. The crystal is 
an assemblage of these narrow concentrated fields, 
tens of mil lions of them to the linear inch. We might 
say that it is a region of space occupied by a rh 3 rth- 
mic pattern of field Btrengths. This is traversed by 
the electron-stream, which behaves in a most remark- 
able way, as Davisson and Germer found. It behaves 
as though it were attended l>y a train of waves, and 
the crystalline pattern seized upon these waves and 
guided them according to the well-known laws of 


wave motion, while the corpufloles trailed along after 
them. 

This is a notion difiloult to admit, for we are not 
accustomed to water-waves or sound-waves dragging 
massive bodies with them, although there is a strik¬ 
ing analogy to be found in the phenomena of light. 
One immediately inquires whether the concept of the 
waves would serve in the cases of electron-streams 
traversing large-scale electric and magnetic fields, 
such as we know so well in the laboratory. So it 
does; the deflections of electron-streams in such fields 
as these can be explained by supposing that the fields 
act directly upon wavo-irains, which accompany the 
corpuscles and .steer them. In these cases by them¬ 
selves the idea of waves would be superfluous, since 
we can explain the phenomena as well without them. 
But when electrons pass through crystals the waves 
are necessary to account for the hen omen a, and this 
obliges us to imagine them always. It is by no 
means easy to adapt one^s thought to the concept ion 
of corpuscles guided by wavers, nor to the further and 
highly abstracted refinements which this notion has 
undergone in the last few years. But I came here 
with the intention of speaking to you not of the per¬ 
plexities of theory, but of the clarities of experiment; 
and I must not continue to impair your memories of 
these. 


THE ELECTRON THEORY OF METALLIC CONDUCTION* 

By Professor J. C. SLATER 

MASSAOHOSKTTS INSTITUTE OT TECHNOLOQT 


Electromaqnetio theory may be broadly divided 
into two parts: the theory of electric and magnetic 
fields and the theory of the electrical structure of 
matter, of conductors, insulators, magnetic bodies, 
charges, currents. Both branches have undergone 
profound changes since the time of Maxwell. The 
electromagnetic field has been of interest particularly 
in cases of ver\ rapid oscillations, the waves of light 
and x-rays. There, from the photoelectric effect and 
other similar phenomena, has arisen the idea that in 
some respects light seems to behave in a corpuscular 
way, its energy being concentrated in pai-ticles of 
energy or photons. The electromagnetic waves of 
Maxwell and Hertz have but a statistical connection 
with the motion of these photons. The discreteness of 
the photons is shown beautifully by such a device as 
a Qeiger counter, which can be made to register each 
photon as it comes along. In weak radiation of high 
frequency, as x-rays or gamma rays, no one after 

31 Address delivered at the Massachusetts Institute of 
of Teohnology, March 29, 1983, in connection with the 
oelebratlan of Professor Elihu Thomson’s eightieth 
blrth^. 


seeing the experiment can doubt the corpuscular na¬ 
ture inherent somewhere in the }>henomenon. But the 
photons get smaller and smaller as the frequency de¬ 
creases, the energy of a photon being proportional to 
the frequency, according to Planck’s famous equation 
energy = /jv. 

Thus by the time we reach the frequencies with which 
practical electricians deal, frequencies which even in 
these days of short wave radio are only about 10 
cycles per second, the photons are so excessively small 
that any electromagnetic field of reasonable strength 
contains enormously many pjiotons, so many that 
their individual effect is entirely lost. We deal with 
them .only statistically, and we may without error 
replace the discrete photons by the continuous field 
of Maxwell. For this reason, unless he is dealing 
with photoelectric cells or some such device, the elec¬ 
trical enginer need hardly come in contact with the 
theory ‘of photons. 

The developments of the other side of electrical 
theory, the electrical structure of matter, on the other 
hand, are, and even more promise to be, of great 
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practical importance. But three examples need be 
mentioned to make this clear: the development of 
magnetic theory and magnetic materials, with appli¬ 
cation to submarine cable construction, the develop¬ 
ment of the theory of dielectrics, with application 
to insulating materials, and the development of the 
theory of electrical conduction and of electrical 
emission from conductors, with application to vacuum 
tubes. It can not be claimed that these developments 
have all been direct results of the theories, but at 
least they have all had theoretical guidance, and as 
theory becomes more powerful, as it is doing all 
the time, it may be expected to serve more and more 
usefully in suggesting practical advances. 

The whole theory of the electrical nature of matter, 
of course, goes back to the discovery that matter is 
made of electrons and nuclei. It was really an 
enormous gain, in clearness of thinking as well as in 
more practical ways, when it became possible to 
think of particles of electric charge, instead of states 
of strain in the ether and such ideas. And physicists 
lost no time in developing electron theories of matter. 
Lorentz, doing most of his work shortly before and 
after 1900, was a leader in this, as were Drude and 
others. The essence of Lorentz^s theory was ex¬ 
tremely simple. An electric current consists of the 
flow of electrons. Since conductors carry current, 
then, they must contain electrons, free to move from 
point to point. Experiments on electrons in a 
vacuum show that they obey the ordinary laws of 
mechanics, their acceleration being proportional to 
the force acting on them. Then if there is a dif¬ 
ference of potential between two points in a metal, 
and consequently a force acting on the electrons, they 
would accelerate, speeding up without limit, if there 
were not some other force to balance the field. 
Loreutz made the natural assumption that this other 
force was of the nature of a viscous resistance, re¬ 
sulting from collisions between the electrons and the 
atoms. If molecules of a gas, representing the elec¬ 
trons, were moving through a region filled with fixed 
atoms, the collisions would exert a resistance pro¬ 
portional to the velocity of drift of the electrons, 
whose magnitude is easily calculated. The motion of 
the electrons is then very much like the falling of 
raindrops under gravity. Starting from rest, they 
are at first rapidly accelerated, but soon they come 
to a constant speed of fall, in which the gravitational 
force just balances the viscous force of resistance of 
the air. This latter force is proportional to the 
velocity, for small speeds. Hence the external force 
is proportional to the speed of drift* Similarly in 
the metal there is proportionality between the electric 
field and the drift velocity or eleetrio ourrent, and 
this is the origin of Ohm^s law. Loxentz was able 
by arguments similar to those used in kinetic theory 


in dboasaing viscosity, to find the eonduotivity in 
terms of the mean free time of electrons between 
collisions and other simple properties of the system. 
Thus, Jet the mean free time be T. Since the aoelera- 
tion measures the increase of velocity per unit time, 
the velocity of each electron will increase by an 
amount aT in the direction of acceleration during its 
free time. The mean additional velocity imparted by 
the field will be half this, or aT/2. But by Newton’s 
law the force, which is eE, if s is the charge on the 
electron, E the applied electric field, will equal the 
mass times the acceleration. Hence a^eE/m, the 
eT 

mean velocity of drift is -~-E, and the electne cur- 
2m 

rent density, which is the number of electrons per 
unit volume times the charge of an electron times the 
iVc® T 

moan velocity, is — —-E?. The factor multiplying E 

is just the conductivity. Lorentz’s actual derivation 
differs from this simple one only in taking account 
of the variation in free time from one electron to 
another, the fact that they move in all different direc¬ 
tions with different speeds, and such refinements. 

In explaining conductivity, Lorentz’s theory was 
perfectly successful, though without independent 
methods of finding the quantities N and T it eould 
not lead to any new predictions. But there was one 
rather fatal difficulty with it. Lorentz assumed the 
electrons to be just like the molecules of a perfect 
gas, and in particular to have the same temperature, 
energy and specific heat as a perfect gas. Yet ex¬ 
perimentally the specific heat of metals was found 
to be such that the electrons eould have practically 
no specific heat. That is to say, the experiments in¬ 
dicate that the energy of the riectron^ iOes not vary 
appreciably with temperature, since the apeeifie heat 
is the increase of energy per degree rise of tempera¬ 
ture. This was entirely at variance with Lormxtx’s 
theory. It was also in apparent disagreement with 
the next important experimental and theoretical ad¬ 
vance in the theory of metals after Lorentz, namely, 
the discovery of thermionic emission and its explana¬ 
tion by Richardson. 

It was discovered by Edison that metala heated to 
red heat or beyond emitted electrons, the ntuaber in- 
oreasing very rapidly with the temperature^ RSebard- 
son provided an explanation of this. Be suppbtod 
that electrons, like molecules evaporating from a 
liquid, were pulled back into the meM by a 
force if they tried to escape. As a reetdl;, only the 
fastest electrons could escape, those whose esiexigy Wat 
greater than a certain minimum, the energy W in 
passing through the surface, or heat of evmporatt0n»^ 
since even after esoaping tiie eleriafon Wui ;hkW 
some energy left Now % niunto of 
energy greater titan a'given vkW W 
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rapidly as tbe temperatora mcraasas, aooording to 
a fomula oontaiaia^ the factor where k is 

Boltaznaon's constant, T the temperature, and this 
factor is the leading term in the experimental equa> 
tion giving the thermionic current as function of 
temperature. This equation is deduced on the basis 
of electrons sharing in the temperature energy, as 
the molecules of a gas or liquid would, from which 
we get our analogy of evaporation. And thus its 
success in predicting the results of experiment seemed 
to provide a verification of just that feature of 
Lorentz’a theory which was shown by the experiment 
of the specific beat to be untenable. For some time 
the theory of metals was in a very difficult and con¬ 
tradictory state, on account of these facts. 

The difficulty was solved by means of the wave 
mechanics, through the work of many physicists, in¬ 
cluding Pauli and Sommerfeld. The deduction from 
the specific heat is shown to be essentially correct: 
the energy of the free electrons is practically inde¬ 
pendent of temperature, the electrons possessing even 
at the absolute zero of temperature a rather large 
amount of kinetic energy, of the order of magnitude 
of fifteen volts. The principle leading to this result 
is the same principle, developed by Pauli, whicli 
leads to the structure of the atoms, and the periodic 
table of the elements. An atom contains electrons 
in a number of sholls, some of low energy near the 
nucleus, some of the higher energy farther out 
toward the periphery of the atom. We should natu¬ 
rally suppose that at the absolute zero of temperature 
all electrons would fall into the shell of lowest energy, 
to liberate all the energy available. They do not do 
this, however, and this is explained by Pauli’s exclu- 
non principle, whi^h limits the number of allowable 
electrons in each shell, excluding further electrons 
from entering the shell. The result is that even at 
the absolute zero the electrons of the atom contain 
much kinetic energy. The exclusion principle 
eiinilarly prevents the electrons of the metal from 
losing 1 ^ th^^ energy at the absolute zero. Further, 
a result of the distribution of velocities is that the 
electron speeds are practically independent of tern- 
pen^nrel as the electrons in an atom are practically 
ipdepen^t of temperature. Thus the low specific 
heat of steotrons is explained. 

HjoA kw specific heat, and at the same titne the 


possibility of thermionic emission, are most easily 
shown to be compatible by using Fermi’s distribution 
of velocities, which is found to be correct rather than 
Boltzmann’s, which is at the basis of the ordinary 
statistics. The ordinary formula, on which, for in¬ 
stance, Richardson’s equation is based, states that 
the chance of finding an electron with energy E is 
proportional to y^/E But Fermi’s formula is 

y/E 

'"ys ' ts >/i>r —reducing to the other if the term +1 in 

the denominator is neglected. For any low tempera¬ 
ture, the exponential is practically zero if E is less 
than E^y infinite if E is greater than bo that the 
formula gives \/E for E less than E^, zero for E 
greater than E^, This is a distribution independent 
of temperature, explaining the lack of specific heat. 
The few fastest electrons, however, which could 
escape, are those for which E-E^ is so great that the 
exponential is large compared with 1, the formula 
^educing to Boltzmann’s for these fast electrons, so 
that Richardson’s derivation of the thermionic equa¬ 
tion can be used practically without change. Some 
changes are encountered, however, when we try to 
apply the theory to such things as emission ^om 
coated filaments. 

The theory as we have sketched it removes the great 
difficulty with the previous treatment. But in its 
present development it goes far beyond this. For 
the first it is now proving possible to connect 

the theory of metallic conduction with the atomic 
structure of the metal. We are beginning to get 
some idea of how the electrons actually move be¬ 
tween the atoms, what sort of collisions they make, 
how their behavior is connected with the particular 
sort of metal we are considering. This theory is far 
from usable at the present time, but it is rapidly 
developing, along with similar theories of magnetiam 
and of other electrical properties. It can not be 
doubted that in a very few years the theory of 
metallic conduction will be so well worked out that 
we can describe the mechanism with a great deal 
of certainty and apply the results in practical ways. 
The theory is bound to become of more and more 
use in electrical engineering, and electrical engineers, 
taking their guidance as in past from the funda¬ 
mental discoveries and advances of phyrics, will not 
be slow to take advantage of it 


OBITUARY 


F R E Dz iac ?Qou Qomat 

TtalQIKttluo PooUB Qorrau, pioneer in baeteriobgy, 
anthoritj in sanitation and public 
'{aitibftil eivlc sttmtnt for many years and 


great teacher, died suddenly of a heart attack on June 
4 in his sixty-third year. 

For forty years Professor Qorham served his Alma 
hfater as teaoher, administrator and director of re- 
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search. He hae left bis enduring mark on literally 
thousands of Brown men, particularly on many gen> 
erations of freshmen, who, entering the class in “Biol¬ 
ogy 1, 2,” oftotitimes with hesitancy or indifference, 
soon came under the spell of his sane enthusiasm. 

Of the fifty-six students who have attained the 
Ph.D. degree at Brown University during the past 
thirty-two years, twenty-six did their thesis work 
under his immediate direction. No other member of 
the Brown faculty has equalled this record. A similar 
percentage of those who have been granted the mas¬ 
ter's degree owe their inspiration to his scholarly and 
sympathetic guidance. These advanced students of 
biological science have gone out to occupy positions 
of service and responsibility and they form a living 
monument of ever-increasing im porta nee to Professor 
Gorham’s memory. 

The various extra-academic services to city and 
state which he has rendered in his long career have 
been signalized by continuous effectiveness to the very 
end. For thirty-tour years he was bacteriologist for 
the Providence Department of Health; since 1914 he 
has been deinity milk inspector for the city; for 
twenty years he has been an active member of the 
Rhode Island Shellfish Commission; he was president 
of the R. I. Tuberculosis Association and secretary of 
the board of directors of the R. I. State Sanatorium 
at Wallum Lake; from 1925 to 1931 he served on the 
Metropolitan Park Commission, and since 1913 he 
has organized and directed the control of the mosciuito 
nuisance in Providence, expending in this work over 
a quarter of a million of dollars to the satisfaction of 
every one concerned. 

In all these different exacting activities, which have 
absorbed vacation-time as well as lengthened every 
day of the university year, in the face of frequent 
discouraging lack of appreciation and in spite of the 
inevitable interference of petty polities, Professor 
Gorham has steadily and serenely gone ahead with 
singleness of purpose and unquestioned integrity in 
the execution of his unselfish philosophy of life. 

To quote Dr. H, L. Barnes, superintendent of the 
state sanatorium, “The time and abilities which he de¬ 
voted to the State Sanatorium from a busy life, and 
without compensation, set the highest standard of dis¬ 
interested public service.” And Dr. C. V. Chapin, 
with whom he worked for years in the health depart¬ 
ment of Providence, said of him, “He was a man of 
wonderful judgment and thoroughly grounded in pub¬ 
lic health work. The beginning of practical bacteriol¬ 
ogy was Professor Gorham^s examination of throats 
m 1896 for diphtheria control. His knowledge and 
advice were invaluable in the development of bac¬ 
teriology. I couldn’t say too much for Professor 
Gorham’s work.” 


He was a fellow of the American Public Health 
Association and of the American Association for the 
Advancement of Science. He was chairman of the 
laboratory section of the American Association of 
Pathologists and Bacteriologists; past president 
(1907) of the Society of American Bacteriologists; 
president of the R. I. Tuberculosis League; member 
of American Naturalists; Washington Academy of 
Sciences; Boston Bacteriological Club; Providence 
Engineering Society, and honorary member of the 
Rhode Island Medical Society and the Providence 
Medical Association. Since 1936 he has been the head 
of the biological department in Brown University. 

Among his colleagues and the many students every¬ 
where who have known him intimately it is not so 
much what be lias acoomplished during his long use¬ 
ful career, important as that has been, which will be 
retained in precious memory, as the character of the 
man himself, a buoyant soul, a true gentleman, a 
faithful friend. 

II. E. Waltkr 

HARRY HAYWARD CHARLTON 

Dr. Charlton, since 1920 a member of the staff of 
the department of anatomy of the University of 
Missouri, died suddenly on the evening of May 31, 
from complications following an operation. His 
death came on the eve of his appointment as chair¬ 
man of the department of anatomy. 

Dr. Charlton was born at A listen, Massachusetts, 
on May 18, 1887. His childhood was spent in Nova 
Scotia. lie then returned to the United States, and 
his high-school work was done in Lowell, Maas. He 
received his A.B. degree from Lebanon Valley Col¬ 
lege, Pennsylvania, in 1914 and the degree of master 
of arts at Yale in 1916, 

During the war Dr. Charlton was retained at Yale 
as technical assistant in pathology, associated with 
the Gas Defense Service in the Yale Army School. 
Ho served as head of the department of anatomy 
of Fordham Medical School in 1918-19. He returned 
to Yale and completed his work for the degree of 
doctor of philosophy in 1920. He was appointed 
assistant professor of anatomy at the University of 
Missouri in 1920, associate professor in 1922 and pro¬ 
fessor in 1931. He served as secretary of the Mis¬ 
souri Anatomical Board from 1922 to the time of his 
death. 

Dr. Charlton’s principal interest in research was 
concerned with the comparative anatomy of the brain, 
to which study he made several worth-while contribu¬ 
tions. He spent several summers in study at the 
Biological Laboratory, at Woods Hole, Mass., and 
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spent a year on sabbatical leave at Professor Aricns- 
Kappers* Neurological Laboratory in Amsterdam, 
Dr, Charlton will be remembered by his students 
as a sincere, oonscientious teacher, exacting but al¬ 
ways fair in his evaluation of students’ work. 


He is survived by his widow, Mary Poison Charlton, 
and a daughter, Barbara. 

Dea B. Calvin 
M. D. OVERHOLSBE 

Univeesity or Missouui 


SCIENTIFIC EVENTS 


INTERNATIONAL MUSEUMS CONFERENCE 
AT MADRID 

Accx)RDing to Museum News, the international mu¬ 
seums conference at Madrid has been moved from 
the fall of 1933, as previously announced, to April 
4, 1934. It will continue for about ten days and will 
consider problems of museums and collections of art, 
archeology, history and popular art. 

The subjects to be discussed have been announced 
by the International Museums Office as follows: 

Museuin Architecture: (J) General prineiploa of con¬ 
struction, plans and materials, special requirements im¬ 
posed by purposes of the particular museum, site, en¬ 
vironment, arrangements for expansion. (2) Construction 
of a museum in a historic architectural euseiuble. (3) 
Adaptation of old buildings for museum use. 

Arrangement: (1) Exhibition halls. (2) Conference 
rooms and auditoriums, children’s rooms, information 
and sales rooms. (3) Courts and gardens. (4) iiibrancs 
and document rooms, offices. (5) Laboratories, shops for 
making casts, for photography and restoration. ((>) 
Storage and handling. (7) Caretakers’ rooms. 

Special (Questions; (1) Natural and artilicial lighting 
(2) Cleaning, heating, ventilation, air conditioning. (3) 
Protection against fire, theft, earthquake, etc. (4) Cus¬ 
todian service, (5) Floor covering. (6> Coat rooms, 
buffets, seats, rails and other comforts for visitors. 

Presentation of Collections: (1) General considera¬ 
tions in regard to effective exhibition, dimensions and 
orientation of halls, covering and color of walls, etc. 
(2) Permanent and temporary exhibitions, exhibits 
within and without the museum. (3) Presentation of 
collections—as a whole, selected objects, jjaantings, com¬ 
bination of piUntings, sculpture, furniture, etc., chrono¬ 
logical presentation, period rooms and reconstitution of 
architectural and other ensembles, new acquisitions. (4) 
Problems caused by enlargement of collections by pur¬ 
chase, gift and bequest, and periodical disposal of un¬ 
necessary material. (5) Organization of stored, reserve 
and study collections. (6) Plans and signs for guidance 
of visitors. (7) Numbering and labeling. (8) Exhibit 
material—moldings, cases, hanging methods, protection 
against vibration, frames, pedestals, movable partitions, 
railsj etc. (0) Ciassificatiun and conservation material 
for drawings, prints, coins, medals, textiles, etc,. (10) 
Publications. 

Loans and Exchanges between Museums: Possibilities 
of collaboration between museiuns of the same country 
and between museums of different countries. 


An Exhibition of Museum Documents: Plans, photo¬ 
graphs, sketches, publications, posters, publicity material. 

THE WAWONA ROAD TUNNEL IN THE 
YOSKMITE NATIONAL PARK 

The recently completed 4,2304‘oDt Wawona Road 
Tunnel in Yosemite National Park, California, was 
formally dedicated on June 10. Secretary of the 
Interior Harold L. Ickes was unable to be present at 
the ceremonies, but by means of electrical transcrip¬ 
tion those gathered in Yosemite National Park heard 
his message of greeting as delivered in Washington. 

The new Wawona Road, which extends from near 
the foot of Bridal Veil Falls to the Mariposa Grove of 
Big Trees, is approximately 28 miles in length, is on 
a six per cent, grade, has wide, easy curves, and can 
be traveled any day in the year. It was built jointly 
by the National Park Seiwice of the Department of 
the Interior and the Bureau of Public Roads of the 
Department of Agriculture. 

The driving of the Wawona Tunnel was begun in 
January, 1931, and was completed in one year. 
Blasted througli cliffs of solid granite, it is 28 feet 
wide and 20 feet high. The tunnel has three venti¬ 
lating shafts drilled horizontally to the cliff face. 
The largest shaft is at the center of the tunnel and 
contains three large electrically-driven fans which 
operate automatically, according to the percentage of 
carbon monoxide gas in the air. These fans are 
capable of handling 300,000 cubic feet of air per 
minute. Lights of 4,000 lumens set in deep-bowl re¬ 
flectors in the roof of the tunnel to within 180 feet 
of each end give a warm mellow light free from glare. 
For 180 feet at each end, bulbs of G,000 lumens give 
a brighter light to permit vision adjustment. 

Parking space for a hundred cars is available near 
the east portal of the tunnel. 

One of the main features of the dedicatoiy cere¬ 
monies was a historical pageant of progress, portray- 
ing the evolution of transportation in the Yosemite 
since its discoveiy in 1851. The pageant included 
aboriginal Indians on foot, prospectors with burros, 
the flrst tourist horseback parties, lumbering wagons 
and horse stages, motor stages and 1933 automobiles. 

REDUCTION IN FEDERAL AID FOR THE 
LAND GRANT COLLEGES 

According to a report by Science Service, federal 
grants for science and education made to the states 
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are reduced by $3,917,000 through the reorganization 
order sent to the Congress by President Roosevelt* 
The payments for agricultural experiment stations, 
the cooperative agricultural extension work and the 
endowment and maintenance of colleges for the bene¬ 
fit of agricultural and mechanic arts, all educational 
and research funds granted to the states and terri¬ 
tories by the federal government are reduced or *^abol- 
ished’’ by 26 per cent. These payments, os authorized 
for the hscal year 1934 to begin on July 1, amount to 
$13,119,096 from the Department of Agriculture and 
4^,550,000 from the Department of the Interior, a 
grand total of $16,669,096. Under the curtailment 
ordered to be elective 60 days from the date of the 
order, June 10, the funds available will be $11,750,- 
000 in round figures. 

Under the federal grants for experiment stations 
much of the scientidc research for agriculture accom¬ 
plished in the various states in the past three decades 
has been carried on. The appropriations lost to ex¬ 
periment stations under the order amount to $1,095,- 
222. The extension work done cooperatively with the 
states, supported in part by the federal funds now 
reduced by 26 per cent., carried the results of the 
scientific research to the farmers. County agricul¬ 
tural agents are the embodiment of this educational 
service. The loss is $1,018,000. 

The state universities that have carried higher edu¬ 
cation to thousands in the opening years of this cen¬ 
tury are supported in part by the Morrill and Smith- 
Lever Acts, the funds of which are now cut by a 
quarter of the appropriated amount. Loss to this 
educational work is $1,804,024. 

Federal aid to land-grant colleges has flowed partly 
through the Department of Agriculture and partly 
through the Department of the Interior, the latter 
having been made the agency of a flat sum of $80,000 
for the support of instruction in agriculture and the 
mechanic arts in each state. It seems probable ^at 
the curtailment of these funds, wMch are of long¬ 
standing authorization under the Morrill, Hatch, 
Smith-Lever and other acts, was made by executive 
order rather than under other provisions of the econ¬ 
omy act passed early in the Roosevelt legislative pro¬ 
gram because by making it a matter of reorganization 
the 26 per cent, cuts can be made effective for subse¬ 
quent years ivather than just for this year. 

CURTAILMENT OF SCIENTIFIC WORK 
UNDER THE GOVERNMENT 

A rcBTHBR wire report by Science Service states 
that under the economy act, Budget Director Lewis 
Douglas, acting for President Roosevelt, is directing 
stUl further cuts in the funds for science and edu¬ 
cation. This results in certain scientific bureaus hav¬ 
ing for 1934 less than half of what they bad two 


years ago* lilevitalfiy this will mean separathw for 
many highly trained scientific woricers engaged in 
work of great public benefit and extreme salary re^ 
ductions for many of those who retain jobs* The ex¬ 
act cuts that will go into effect on July 1 are diMeult 
to ascertain, as in some instances even bureau chiefs 
do not know what funds they will have for the fiscal 
year that begins in a couple of weeks. 

It is known that Secretary of Agriculture Wallace 
and Assistant Secretary Tugwell are making a stren¬ 
uous fight to continue the present scientific research 
for agriculture that they consider to be as necessary 
for agriculture’s return to health as the economic 
measures being put into effect. 

In the Department of Commerce, the U. S* Coast 
and Geodetic Survey is likely to have its funds cut 
but little under the figures of the 1934 appropriation 
bill and it may be selected to administer some of the 
public works appropriations available under the act 
;ja8t passed. The Bureau of Fisheries will have some 
cuts, but these are not believed to be serious. 

But the Bureau of Standards seems to have bean 
selected for heavy outs, to such an extent that that 
bureau may have only about 40 per cent, of the money 
that it had in 1932. About $3,000,000 spent in 1932 
is reduced to $1,336,000 for the 1934 fiscal year, the 
budget bureau demanding about a third reduction in 
the slightly more than $2,000,000 available in 1934 
appropriation bill. 

The Bureau of Mines, also in the Department of 
Commerce, is to be trimmed to about $1,100,000, 
whereas the appropriation bill for 1934 earned $1,- 
514,300, and these appropriations for 1934 now te* 
duoed were considerably less than the 1932 funds 
spent for the benefit and safety of the important and 
valuable mining industry and its resoarees. 

The Geological Survey in the Depar^ent of the 
Interior is also likely to suffer heavily. In 1932 it 
spent $3,141,000; the 1934 appropriation act provided 
$1,992,000 and eliminated funds for some of the geo¬ 
logical research woiic of greatest fundamental ilnpal^ 
tanoe. It is understood that the economy cuts will 
leave only $1,476,000 available. Some of the impor¬ 
tant work in topographic mapping, water reeimrces 
and mineral resourees may be salvaged by utilieation 
of public worics funds, but it is feared that vcmxy of 
the staff will have to be dismissed and 26 to 30 per 
cent, of the personnel will be lost throng 
retirement or that they will be foreed to take unuittid 
amounts of leave without pay. 

A weakening of our natk^ defeases ifl^dnst £s^ 
ease is imminent through cuts in IhS U. fif 
Health Service. A fund of 1833^ iCor 
of epidemics is sohed^ed tm rf^ua^uh io 
and mmilar cuts, in teseareh fuiids aas emileis^ 
plated. 
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Br. AxiB&rt Eiksteik^ who has been visiting the 
University of Oxford as a research student of Christ 
Church College, delivered the Herbert Spencer Lec¬ 
ture on June 10 on “The Method of Theoretical Phys¬ 
ics.'' Dr. Einstein will lecture in Belgium during the 
summer vacation. 

Ths eosnmittee of the Paris Academy of Sciences 
has voted to present the name of Dr. Pieter Zeeman, 
professor of physics at the University of Amsterdam, 
for election to the academy. 

The Academy of Sciences at Heidelberg has elected 
to membership Dr. Ludwig Aschoff in pathology and 
Dr. Ernst Zermello and Dr. Qustav Doetsch in mathe¬ 
matics, all of the University of Freiburg. 

The degree of doctor of science was conferred at 
the commencement of Brown University on June 16 
upon Dr. Niels Bohr, professor of physic in the Uni¬ 
versity of Copenhagen, and upon Dr. Lipdt Fejer, 
professor of mathematics at the University of Buda¬ 
pest The address, made by Dr. Bohr, was entitled 
“Explanation in Natural Science." He also gave a 
lecture on “Measurements in Atomic Physics” at the 
convocation of the Graduate School. 

The Massachusetts State College has conferred the 
doctorate of science on Ur, Joseph B. Lindsey, who 
was a member of the staff of the Massachusetts Agn- 
culiural Experiment Station for forty-two years and 
vice-director for twenty-three years, and on Dr. 
Hotner J* Wheeler, Upper Montclair, New Jersey, 
who was formerly director of the Rhode Island Ex¬ 
periment Station. 

WaSHInotok CoiiLBGB, of Chestertown, Maryland, 
has conferred the degree of doctor of laws on Dr. 
Howard A. Kelly; emeritus professor of gynecology 
at the Johns Hopkins University. 

The degree of doctor of science was conferred at 
the commeneement of Ursinus College on Dr. Guil- 
liam H. Ckmeri I^iladelphia, known for his con- 
trihutions to'non-ferrous metallurgy and for his de¬ 
velopment of ^eetric furnaces. 

Tbob University of Sheffield has conferred the doc¬ 
torate of seienee on Professor B. J. Garwood, of the 
Uhiverrity of Londoni past-president of tiie Qeolog- 
ieM 6oeMy of London, and on Professor J. B. 

of the Faculty of Medicine of the uui- 

versWy. 

ttk axmoal banquet of the Minnesota Chapter 
of Si^fina hdd on June % the chapter presented 
J. Mayo, of the Mayo Foundation, 
and to Bean Guy Stanton Ford^ dean of 
fiMMi of the University of Minnesota^ 


illuminated testimonials in recognition of their service 
in furthering science and soientiffe research in Minne¬ 
sota. The awards were presented by Dr. Louis B. 
Wilson, national president of Sigma Xi. 

The Distinguished Flying Cross, posthumously 
awarded to Glenn Hammond Curtiss “for outstand¬ 
ing service rendered to aviation” has been presented 
to Mrs. Lua Andrews Curtiss, his motlier. The pres¬ 
entation was made by Major General Benjamin D. 
Foulois, chief of the U. S. Army Air Service, at the 
aviation base at Chapman’s Field, Miami. 

Db. Alfred Philippson, professor of geography 
at Bonn, and Dr. Erich von Drygalski, professor of 
geography at Munich, have been awarded Richthofen 
gold medals. Dr. Ernst T lessen, professor of geog¬ 
raphy at Berlin, has received the silver medal. 

The nomination of Dr. Lyman J. Briggs as director 
of the Bureau of Standards has been confirmed by 
the Senate. 

Db. Dudlbt S. Conlet, professor of surgery in the 
School of Medicine of the University of Missouri, 
will succeed Dean Edgar Allen, who recently resigned 
to become professor of anatomy and head of ^he 
department of anatomy at Yale University. 

Db. Charles Zelbny, professor of zoology, Uni¬ 
versity of Illinois, has been appointed head of the 
department to succeed Dr. Henry B. Ward, who has 
become permanent secretary of the American Associa¬ 
tion for the Advancement of Science under conditions 
which pennit him to continue research work. 

Chables Judson Herbigk, professor of neurology 
in the department of anatomy at the University of 
Chicago since 1907, has been appointed chairman of 
the department. He succeeds Dr. Robert R. Bensley, 
who retires with the title of professor emeritus. Dr. 
Bensley, who went to the university in 1901 as as¬ 
sistant professor of anatomy, has been professor since 
1907 and chairman of the department since 1913. Hn 
will offer graduate work in the department next year. 

Chables E. Jackson has been appointed by Presi¬ 
dent Roosevelt Deputy Commissioner of Fisheries. 
jSince November, 1922, Mr. Jackson has been with 
Senator £. D. Smith, servingln the capacity of secre¬ 
tary. He suooeeds Dr. Lewis RadoUffe, who resigned 
on April 30, after twenty-six years service with the 
bureau. 

Pbofbbsoa Juniub Henderson, of the University 
of Colorado, curator of the museum ainee 1903, has 
retired at the age of sixty-eight years. He was given 
a farewell banquet by the infoimal senate of the uni- 
venSityf when speeches were made by the vice-presi- 
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dent, the dean of the graduate school and heads of 
various departments. Dr. Henderson plans to spend 
a year in California. He is succeeded by Hugo Q. 
Kodeck, who will hold the academic rank of assistant 
professor. 

At the University of Bristol Dr. J. F. Baker, tech¬ 
nical officer to the British Steel Stnictures Committee, 
has accepted an invitation to fill the chair of civil 
engineering in succession to Professor A. J. S. Pip- 
pard, who resigns at the end of the current session, 
and Professor A. E. Trueman, professor of geology 
at University College, Swansea, has been appointed 
Chaning Wills professor of geology in succession to 
Professor S. H. Reynolds, who retires at the end of 
the year. 

Dr. Alexis Carrel, of the Rockefeller Institute 
for Medical Research, sailed for France on June 10. 

Dr. J,ohn C. Merriam, president of the Carnegie 
Institution of Washington, gave the commencement 
address on June 12 at the Carnegie Institute of 
Technology, Pittsburgh. 

The first public meeting of the new chapter of 
Sigma Xi in the University of California at Los 
Angeles was addressed on May 24 by Professor Niels 
Bohr on “Space-Tiino Relations in Atomic Physics.” 

Dr. Herbert Dingle, professor of astrophysics in 
the Imperial College of Science and Technology, 
London, and research fellow in the California In¬ 
stitute of Technology, 1932-33, on June 7 lectured 
on ‘*The Nature of Scientific Thought” at the Univer¬ 
sity of California at Los Angeles, under the auspices 
of the department of astronomy. 

Sir Henry Hadow gave the Romanes lecture for 
1933 at the University of Oxford, oti May 31. The 
title of the lecture was **The Place of Music among 
tlie Arts.” 

Professor Oito Hahn, the George T, Baker non¬ 
resident lecturer m cbemistiy at Cornell University 
during the spring semester, delivered three lectures 
at the University of Minnesota on June 5, 6 and 7— 
before the Minnesota Section of the American Chem¬ 
ical Society on ‘‘Gaseous Radioelements and their 
Application in Chemical Research,” before the Col¬ 
loquium of the School of Chemistry on “Co-precipita- 
tion and Adsorption Processes” and before the an¬ 
nual meeting of Sigma Xi on “From the Ponderable 
to the Imponderable.” Professor Jan Heyrovsky, of 
the Charles University of Prague, gave three lectures 
before the colloquium on the “Theory and Practise of 
the Polarigraphic M.ethod” on June 8, 0 and 10. 

The Journal of the American Medical Association 
reports that the Gorgas Medical Society of New Or¬ 
leans has awarded honorary fellowships as follows: to 


Dr. Arthur Vidrine for his work in surgery; to Dr. 
Joseph Rigney D'Aunoy for his work on eleotrooar- 
diography and to Dr. Richard Ashman for achieve¬ 
ment in research. The awards are made to those 
‘Svho have distinguished themselves in medical science 
and research.” Dr, Vidrine is dean of the medical 
center of the University of Jjouisiana, Dr. D'Aunoy 
is professor of pathology and bacteriology and ex¬ 
ecutive secretary of the center and Dr. Ashman is 
professor of physiology. These fellowships are the 
first to be awarded by tliis society, which was organ¬ 
ized last year by Dr. Clyde Brooks, professor of 
pharmacology and experimental therapeutics. 

The twenty-first Wilbur Wright memorial lecture 
was read by Colonel F. P. Lahm, Air Corps, U. S. 
Army, on May 30, before the Royal Aeronautical So¬ 
ciety at its meeting held in the Royal Institution. 
Before the lecture the following medals were pre¬ 
sented by the president, C. R. Fairey: the gold medal 
of the society, to Sir Richard Glazebrook, on his re¬ 
tirement from the chairmanship of the Aeronautical 
Research Committee, which he has held since the 
foundation of the committee in 1900; the Simms Gold 
Medal, for the best paper read liefore the society on 
any science allied to aeronautics, to Mr. P. Salmon, 
for his pa]»er on catapults; the Wakefield Gold Modal, 
for inventions or apparatus tending towards safety 
in flying, to Mr. L. G. Frise, for his invention of the 
Frise aileron; the Taylor Gold Medal, for the most 
valuable paper of the year, to Dr. G. V. Laohmann, 
for his paper on “Control beyond the Stall”; the Sil¬ 
ver Medal, for advance in aeronautical design, to each 
of the following: Senor J. de la Cierva, for his work 
in the design and development of the autogiro; Mr. 
A. H. R. Fedden, for his work on the air-cooled en¬ 
gine, resulting in the attainment of a record height of 
over 40,000 feet in September, 1932; Mr. D. L. Hol¬ 
lis-Williams, who was responsible fer the design of 
the Fairey long-range monoplane which holds the 
world’s long-distance record of 6,309 miles. The 
newly-founded British Silver Medal for Aeronautics, 
to Flight Lieutenant C. F. Uwins, for reaching the 
world record height in September last, and to Squad¬ 
ron Leader 0. R. Gayford and Flight Lieutenant G. 
E. Nicholetts, who flew non-stop from Cranwell to 
Walvis Bay in the long-distance monoplane. 

According to the Journal of the American Medical 
Association, at the general meeting of the Imperial 
Academy of Japan, the special committee announced 
the awards of the imperial prizes and others for 
1932. The imperial prizes were given to Dr. J. Tsuji, 
of the Physical and Chemical Research Institute, for 
his researches on the elasticity of light, and to Pro¬ 
fessor B. Suzuki, D.Sc., of the Kyoto Imperial Uni¬ 
versity, for his work on fatty acids. The academy 
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prize was awarded to Professor M, Ishimoto, of the 
Tokyo Imperial University science department, for 
his seismologioal observations. The emperor^s wed¬ 
ding commemoration prizes, contributed by the Osaka 
Mainichi, were given to Professor 8. Kusano, of the 
Tokyo Imperial University, for his work on fungi; to 
Professor C. Oguchi, of the Nagoya Medical College, 
for his research on Oguchi^s disease, to Professor Y. 
Furutake, of the Osaka Imperial University, for his 
discovery of kynurenin, a crystal chemical compound, 
and to Professor H. Nomura, of the Sendai Univer¬ 
sity, for his study on the pungency of ginger. 

According to the Aatronomische Nachrichten, the 
division of the Astrophysical Observatory in Potsdam 
that has been called the Einstein Institute will by 
decree of the ministry be hereafter known as the 
Institute for Solar Physics. 

Announcement has just been made at Harvard 
University that the Institute of Geographical Kx- 
jploration has been given a valuable library collection 
which includes several rare accounts of early voyages 
of exploration and discovery in America. The col¬ 
lection is stated to be the most important single ad¬ 
dition which ha.s yet been made to the library on geo¬ 
graphical exploration. Numbering nearly 1,000 sepa¬ 
rate items, the collection has been presented to the 
university by Mrs. Joseph Tuckerman Tower, of Mill- 
brook, New York. It includes principally books, 
maps and documents which were collected by her son, 
Joseph Tuckerman Tower, Jr., of the Harvard College 
Class of 1921, who died in Mexico in 1031. Before 
his death Mr. Tower had planned the gift of Iuk 
collection to the institute at Harvard, In addition to 
many rare and valuable old books on early voyages, 
the library includes sections dealing with Arctic ex¬ 
ploration, exploration in Alaska, Iceland and in the 
Hudson Bay region. 

The Board of Governors of the Institute of Medi¬ 
cine of Chicago recently authorized an appropriation 
of $1,455 to compile a combined card catalogue of the 
literature in^ tl^e medical libraries of Chicago (John 
Crerar, Rush Medical College and the medical col¬ 
leges of the universities of Chicago, Illinois, Loyola 
and Northwestern). The plan was organized and the 
work is being carried out under the supervision of 
Otto F, Kainpmeier, professor of anatomy at the 
University of Illinois, and chairman of the committee 
on coordination of medical librarie.s in Chicago. The 
union index will be completed in six to eight months, 
and will be placed in the John Crerar Library be¬ 
cause of its central location in the city. 

An additional one hundred and ninety acres of 
marsh and prairie land have been added to the Uni¬ 
versity pf Wisconsin arboretum. Funds made avail¬ 
able by the Tripp estate have made acquisition of this 
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land possible. The new tract adjoins the present 
arboretum land on the south and west, and increases 
the total area of the arboretum to slightly more than 
400 acres. Addition of the new area to the present 
arboretum gives the university and the State of Wis¬ 
consin an excellent opportunity for experimentation 
in reforestation and propagation of wild life. Ac¬ 
quisition of several tracts deemed essential to the 
project permitted the Board of Regents to establish 
the Wisconsin arboretum last August, after nearly 
SIX years of constant work on the part of regents, 
university ofTIcials and public-spin ted Wisconsin 
citizens. No state appropriated funds whatever 
have been used on the project. Acquisition of the 
original tract of 235 acres was also made possible 
through use of the residue of the estate of the late 
J. Stephens Tripp, who left his entire estate to the 
university. Other groups of citizens donated land 
also. The committee in charge of the arboretum con¬ 
sists of Professors E. M. Gilbert, George Wagner, 
James G. Dickson, Chancey Juday, N. C. Fassett, 
Leon J. Cole and J. W, Jackson, Associate Franz 
A. Aust, Instructor F. B. Trenk, Superintendent A. 
F. Gallistel, Secretary M. E. McCaffrey. In addition 
to this active committee the president has appointed 
an advisory committee consisting of Dr. E. A. Birge, 
Dr, H. L. Russell, C. P. Winslow, Aldo Leopold, 
Paul D. Holleter and Professor Raphael Zon. 

The thirty-seventh annual report has been issued 
of the New York Zoological Society, which maintains 
the Zoological Park in the Bronx, the Aquarium and 
the tropical re.search station. The report of finances 
states that the City of Now York appropriated $418,- 
891 toward the maintenance of the Zoological Garden 
and the Aquarium during 1932. During the year the 
society expended $227,730. The endowment and 
other funds are $4,123,637, of which $4,035,386 is rep¬ 
resented by securities carried at cost or gift value. 
The market value on December 31 was $3,157,173. 
“For the continuation of its work,” according to the 
report, “the society requires the immediate addition 
of $2,000,000 to its general endowment, and desires 
the constant attention of its members and friends to 
the needs of its library, extension of its scientific re¬ 
search work, heads and horns collection, publications 
and gallery of animal paintitigs.” 

As the result of a proposal made by Dr. Schaffer- 
nak, of Austria, at the World Power Conference at 
Berlin in 1930, that “an organization be established 
for the purpose of interchanging, in the field of hy¬ 
draulic engineering, the results of laboratory research 
and of observations of natural conditions correspond¬ 
ing thereto,” the American committee of the World 
Power Conference asked the Bureau of Standards 
last January to serve as the exchange agency for the 
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United States. The abject of the proposed organisa¬ 
tion is to afford promptly to all the hydraulic labora¬ 
tories throughout the world information as to the 
nature of the research wliioh each is undertakings thus 
permitting a closer coordination of the work. The 
first step in organizing this service nationally in the 
United States was to compile and distribute to the 
hydraulic laboratories in this country a report cover¬ 
ing the activities of these laboratories. As a result 
of the prompt cooperation of the individual labora- 
toriee^ it was possible for the bureau to issue on April 


1 its first report of this kind, a numeographed but 
letin entitled, ^^Current Eydranlib laboratory Be- 
search in the United States.** The seoand report will 
be issued on July 1, and succeeding munbers will ap¬ 
pear quarterly. In addition to the above servioe, the 
bureau will compile and issue annually s description 
of the hydraulic laboratories in the United States, 
their equipment and facilities for research in so far 
as the heads of the laboratories will furnish the neces¬ 
sary information. It is planned to issue the fintt re¬ 
port of this kind on June 1. 


DISCUSSION 


AN ELECTRIC ANALOGUE OF VPWEL 
PRODUCTION 

It is of interest to examine the results of the re¬ 
markable if somewhat bizarre experiment of Travis 
and Buchanan,^ which relates to the production of 
sound frequencies in the voice, in the light of our 
knowledge of analogous electric circuit behavior. The 
mathematics of the electric circuit is remarkably well 
developed, and since in many eases a striot analogy 
may be demonstrated between sound vibrations and 
electric vibrations, it is hoped that in the present 
study a consideration of this mathematics will prove 
significant. 

First, the possible appearance in the output of 
vibration frequencies that are entirely absent in the 
motive force should be considered, that is, the ap¬ 
pearance of frequencies in the voice that would not 
appear in the vibration of vocal cords in the open. 
Or, in terms of this particular experiment, the 
change of wave-form when a pure sine wave is passed 
into the resonating cavities. 

There is no doubt that such a change is possible. 
It is the result of non-linear response of some of the 
elements involved in the propagation of sound, and 
appears when a strictly sinusoidal stress does not re¬ 
sult in a strictly sinusoidal strain in either the 
vibrating medium or the containing walls. The ir¬ 
regularity of the vocal passage and the non¬ 
homogeneity of the walls make a somewhat non-linear 
response certain, but the amount of the change of 
wave-shape is unknown. The amount of the change 
at any one point may be small, but if any of the 
chief frequencies thereby introduced should find a 
resonating cavity of the same natural frequency, the 
amplitude of such frequency will be greatly increased. 
It should also he noted that the vibration of the vocal 
cords is not entirely independent of the resonant 
system in whieh they operate, although for praotieai 
purposes it is very nearly so. It is to be expected 
that the distortion of loud sounds is greater than 
that of soft ones. 

tSoiSNGB, 77; 121, January 27, 1982. 


Second, the magnification, in the output, of small 
irregularities in the input must bo considered. An 
abrupt change in the input motion, a disoontinoity, 
will produce resonance in all cavities, but in amounts 
varying with the natural frequency, location and size 
of the cavity. An irregular, or non-ainusoidal input 
will have a similar effect. So will a wave whose 
steady-state condition is sinusoidal, when it is start¬ 
ing or stopping. All three of these means of pro¬ 
ducing resonance will doubtless occur in the nonnal 
voice. Only the second will be appreciable in the 
experiment, as described, with the oscillator; but it 
is evident that the input can not be mathematically 
exact even under the most favorable experimental 
conditions, and there is no mention of a determina¬ 
tion of the exact wave-form in detail. 

Finally, the relative amounts of frequencies intro¬ 
duced by the two means should be considered. The 
first, the distortion due to non-linear response of the 
vocal passages, can produce energy of one frequeney 
only at the expense of decreasing energy of another 
frequency. The more audible a frequency is, the 
more it is being damped by losing energy as outpni 
From these considerations, and from tne nature of the 
system, it is improbable that resonance in the 
sinaBoidal steady-state condition could introduce fre¬ 
quencies with amplitudes of more than a few p^ 
cent, of the fundamental. 

The second type of distortion, due to tnuwmit 
conditions or to non-sinnsoidal input, wiU gii^e ^ 
resonant vibrations that depend for their energy on a 
component vibration of their own frequency in the 
input. Hence, as they also are damped fay the out¬ 
put, their amplitude with an appnudmate sine^wayc 
input may be of the some order of magnitude as tiie 
steady state distortion. 

So both ^^steady^^etate’* and ^ 

of resonant frequencies appear to be |MUi|{ble, Xu 
either case a sn^ ampliti^ n^uy 
many times ito originul 

from the pifiilisbed it \ 
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i«fafi«h of 6i8tarti<m produoei the refionanoe 

deteoted by Tmvis and Buchanan. 

Hugh Skilling 

STAKTOaD UmmsiTT 

NOMENCLATURE OF THE VEGETABLE 
WEEVIL 

This mtercBting weevil is one of the many insects 
which has recently emerged from natural obscurity 
and has appeared as an economic pest on three con¬ 
tinents during the past twenty-five years, it having 
originated on a fourth. Its native habitat is tbe 
southern half of South America, from which area it 
has been carried by commerce to Australia, North 
America and Africa. 

The first specimens were collected more than one 
hundred years ago on Magellan Strait and were 
described as Liatroderea cosHroatris by the Swedish 
entomologist Sohoenherr^ in 1826. An aberrant form 
was later named L. obliquua by Qyllenhal^ in 1834. 
There appears to be some confusion icgarding the 
authority of L, coetiroatria, for in this latter publica¬ 
tion, ^^Schoen. Gen. et Spec. Curcul.,*' vol. 2, p. 277, 
1834, by L. Qyllenhal, and also in vol. XV, p. 189, 
1842, by C. H. Bohoman, the species is credited to 
Gyllenhal rather than to Schoenherr. L. L. Buchanan, 
U. S. Bureau of Entomology, very kindly looked up 
the original descriptions by Schoenherr and furnished 
the following information: 

la 1826, SehoenheTT (^Ccrculioaidium disposito 
methodiea . • . / page 168) erects Liatroderea as fol¬ 
lows:—‘Genua 88. lAatrodaraa nob .—Marionua Dej. 
Chmi^tar generis:—’ <12 lines of descriptive matter). 
Th^ ^Ihaoripiioi* (Bemainder of page 158 and more 
than half of page 169 taken up with a detailed deserip- 
tLon}. Then, ‘Typae: Liatrod, ooatiroatria Gyllenh. n. sp. 

Schoenherrpurpose here evidently was simply to 
describe a new genus, but tbe doecriptioa, being based on 
one species, reaUy amounts to a combined generic descrip¬ 
tion of lAairodatea and a specific description of ooati- 
ro^tria. Under these conditions, it seems to me proper to 
eonsider eoat^oatria as having been described by Soboen- 
heUr in tills pafpi;. 

^ 1881 Berg* gave some additional information 
liogardmg the weevil and listed it from the region 
of the Bio Colorado in central Argentina, but wrongly 
U^ied lAatrodaraa rabuetws Waterhouse as a synonym 
pt Ln oo^iapatria. Hustaohe* credited the species to 
iQy!i|B|ihal> apd to its distribution adds Buenos Aires 
tritih the stathhkmit tiiat tiie ras^ extends northwards 

«0, Btimenherr, ^‘Bisp, Math. Qbyeufionidnm,*^ p. 
ICffi. 1688. 

eXfc GylienhaL ‘^Behoen. Gen. et Ourcul,” vol. 
Lp^ 677. 1884. 

. * ^^ShitOBudogiMhei aup dnm In^ancrgebait 

#Bf Bat SMt., 46: 82, fig. 10. 1881. 

, 44L ‘'^OttreoitenhlM do la Argon* 


to meridio&al Brazil His figure of L. tacttius Hust., 
pL 11, is very much like L, coatiroatria* 

In 1908 this same weevil was discovered in South 
Australia, where it was described as a new species, 
Deaiantha nodva, by Lea* in 1909. Along the east¬ 
ern and southern coasts of that continent it soon 
became known as a pest of considerable economic im¬ 
portance to vegetable crops and to fruits and was 
generally called the buff-colored tomato weevil.* It 
was not until years later that the weevil was known 
to be of South American origin. 

On the North American continent the weevil was 
first recognized as a newly introduced pest of truck 
crops at McHenry, Mississippi, on March 28, 1922, 
and was determined as the Australian tomato weevil 
and first listed as lAatrodarea {Deaiantha) nociva 
(Lea).^ Later it was designated scientifically simply 
as Deaiantha nociva Lea.* Further studies and com¬ 
parisons with known species convinced Chittenden 
that the weevil was Liatroderea ohliqmts, which he 
credited to Fabricius.* It was also known as Liatron- 
otua obliquua, and is not to be confused with the 
American species by that namo.^* In 1926 the same 
species was discovered attacking vegetables at San 
Jose, California, and within a few years was known 
to occur in much of the San Francisco Bay reglirn. 

The very same weevil was recorded in South Africa 
in 1924, having been previously introduced into Port 
Elizabeth,where it was found to be injuring turnips. 

This rapid and wide distribution has no doubt been 
due to the transportation of infested vegetables from 
South American seaports used in ships’ stores, and 
it is not unlikely that all these different foci of in¬ 
festation have a more or less common origin. 

Although the insect has generally been scientifically 
known as Liatroderea ohUquua (Gyll.),^* Schenkling 

• A, M. Lea, Trana. and Proo. SoyaH Soe, 8o, Auatr., 
33: 174-176. 1909.' 

0 C. French, Jr., Handbook Destr. Ins. Victoria, pt. V, 
pp. 41-48, Ckjt., 1909; W. W. Froggatt, “The Buff- 
colored Tomato Weevil (Deaiantha nociva),“ A0r» Gas. 
N. 8. r., Sydney, xxvi: 1065-1066. 1916. 

vlL W, Hamed, “A New Potato Weevil in Miseis- 
sippl“ Quart Sul State PI Bd. Miaa., 2; 1-2, pp. 6-8, 
lt-12. 1922. 

• B. E. Bynum, “ CbatTolling the Australian Tomato 
Weevil, i>esiaiitha nociva.** /hid., 3: 1, pp. 22-84 
(1928): F. H. Chittenden, “The Australian Tomato 
Weevil, Introduced in the South,'* U. S. Dept Agr,, Dept 

882, 8 pp., 6 fig. July 81,'^1932. 

OF, H. OhittendeiL “An Introduced Weevil Belated to 
^e Vegetable Weevil’* Proo. Biol 8oc, Waah., 89: 71- 
74, pll. 1926. 

10 An entirely different weevil, Listronotue ohligwiBt 
was described from Texas in 1876 by J. L. LeOonte. 
Proe. Am. FhHoa. Soe., 16: 188, 129. 1876. 

u Jotir. Dapi. Apr., Union South Africa, 8: 8, pp. 264- 
265. . 1924. 

II3A 0. Bssig, “The Vegetoble Weevil” “A History 
of Entomology,’’ pp. 208-206, figs. 78-81 (BibUography). 
New York: ICaemtfian. 1931, O. H. Lovell “The Vege¬ 
table Weevil Liatroderaa ohKowns.” CaUf, Agr. Btapt 
Sta., BuU. 19 pp., 5 figs., December, 1932. 
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and Marshall,in 1931, corrected the systematio 
nomenclature and have listed the species as Ldstroderes 
eostirostris Schocnherr. As to the advisability of 
adopting this specific name in America, Buchanan 
has also kindly given his views as follows: 

The citing of obliquus in the Schenkling catalogue as 
an aberration (‘ab.') indicates that the compilora regard 
it as some sort of a subordinate form, but not an absolute 
synonym, of costirostrui; and, until the two are found to 
be synonymous through an examination of the type speci¬ 
mens or through other moans, it would seem preferable 
to continue the use of the name ohliquits Gyll. in North 
American literature, either as obliqu/us alone or as 
costirosiris ab. obhquus. 

The common name, vegetable weevil, was approved 
by the American Association of Economic Ento- 
molofe'ists m 1931.>‘ ^ ^ 

University of California 

NOMENCLATORIAL NOTES ON 
GASTROTRICHA 

(1) The genus Dactylopodola Strand: 

JJactylopodella Remane, 1926, Zcits. Morph. Okol., 5: 664 
non G. O. Surs, 1905, Crust. Norway, 5: 131 (Cope- 
poda). 

Dactylopodola Strand, March, 1929, Acta Univ. Latv., 
20; 5. 

Dactylopodaliu Remane, 30 May, 1929, Kukenthal and 
Krunibach, Handb. Zool., 2 (4): 130. 

Professor Embrik Strand kindly informed me per¬ 
sonally of the month of publication of his paper. 
As a consequence of the above synonymy it is neces¬ 
sary to form the new family name Daetylopodolidae 
in place of Dactylopodellidae Remane 1927 and 
Dactylopodaliidae Remane 1929, and also the new 
combinations Dactylopodola halUca (Remane) and 
Dactylopodola typhle (Remane). 

(2) Lepidodermella nom. nov.: 

tcpidoderma Zelinka, 1889, Zeits. wise, Zooh, 49: 300 
non Eeuas, 1866, Denks. Akad. Wiss. Wien, 10; 83 
(Eurypterida), 

As I can not find that this homonym has ever been 
corrected, I propose here as a substitute the name 
Lepidodermella. We have, hence, the new combina¬ 
tions Lepidodermella sqiiammata (Dujardin), Lepi¬ 
dodermella conoinna (Stokes), Lepidodermella ocel- 
laUi (Metschnikov) and Lepidodermella selinkai 

Massachusetts Institute of Technology 

3^6. Schenkling and G. A. K. Marshall, '' CufTcullon- 
idae; Cylindrorrhininae. ’' Coleopterorum Catalogue 
(Berlin, Junk, 1931), pars. 114, p. 7, Peb. 12, 1931, 

lAJoar. ^con. Pnt., 24; 1291, 1303. 1931. 


MALVACEOUS PLANTS AS A CAUSE OP 
'*P1NK WHITS'* IN STORED EGGS 

A TYPE of deterioration in stored eggs in which the 
egg white becomes pink, and the yolk becomes large, 
salmon colored and watery in consistency, but turns 
rubbery when cooked, has caused severe losses in the 
United States in past years. Eggs from hens fed 
raw cottonseed products have been known to suffer 
the same or a similar type of deterioration, but most 
examples of *‘pink white” eggs on the market have 
come from flocks to which cottonseed products were 
not available. 

It was discovered in this laboratory that the ex¬ 
tracted yolk fat of “pink white” eggs, and also of 
fresh eggs from hens fed cottonseed oil gave the 
Halphen test for cottonseed. It was also discovered 
that seeds of certain members of the family Malvaceae 
(other than cotton) notably Malva parvifiora, Lavatera 
assurgenti/iora and Althaea sp. gave positive Halphen 
tests. Consequently, groups of hens wore fed rations 
containing seeds of Malva parviflora and of Lavatera 
assurgenttflora. Eggs from these birds gave a posi¬ 
tive Halphen test and also turned pink after a period 
of storage, while eggs from the same birds, before the 
seeds were added to the rations, gave a negative test 
and did not turn pink after the same period of stor¬ 
age. 

It is concluded that these and possibly other mem¬ 
bers of the family Malvaceae when eaten by laying 
hens may become responsible for *‘piDk white” de¬ 
terioration in stored eggs. Malva parviflora is a com¬ 
mon weed in poultry districts and is more available 
to poultry than other members of the family, so that 
this species is probably the important cause of ^^pink 
white” deterioration. 

F, W. Lorenz 

H. J. Almquist 

G. W, Hendry 

University of California 

INCOMPLETE NUCLEAR DIVISIONS AND 
NOT AMITOSIS IN THE TAPETUM OF 
THE EUSPORANGIATE FERNS 

In 1913 the writer began an investigation of the 
nature of the nuclear divisions in the tapetum of ** 
Botrychium virginianum (L.) Swarz. He was soon 
led to the conclusion that the nuclei undergo in¬ 
complete divisions similar to those described by 
him in Nephrodium hirtipea Hk.^ 

As a result of this investigation, extending over a 
period of two decades, the writer has been convinced 
that the amitotic divisions described by aome workr 
ers as occurring in the tapetum of the auapormgiata 
filicales do not take place, 

1W. N. Steil, “ Apogamy in Nephrodium kirtipei 
Ann. Bot., 33: 109*133, 1919. 
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The incomplete nuoleai: divisions^ which begin in 
the young tapetmn, rcBult in the formation of nuclei 
of irregular form, commonly, dumb-bell and kidney¬ 
shaped, which have suggested to some workers that 
the nuclei divide amitotioally. The nuclei, as a re¬ 
sult of successive incomplete divisions, are polyploid 
and of unusually large size. 

The organization of chromosomes, the presence of 
spindle fibers and various stages in the reorganiza¬ 
tion of the resting daughter nuclei are some of the 


evidences that incomplete divisions, and not amitotic 
divisions, occur in the tapetnm. 

The incomplete nuclear divisions herein described 
have been studied in two ei^sporangiate ferns, namely 
Botrychium virginianum (L,) Swarz and Ophio- 
glossum vtUgatum L. 

A detailed discussion of these nuclear divisions in 
the tapetum of the ferns studied will be presented 
m the near future. 

MAJtQUErTE University 


THE FOURTEENTH ANNUAL MEETING OF 
THE AMERICAN GEOPHYSICAL UNION 


The fourtceiitli annual meeting of the American 
Geophysical Union and the sessions of its sections 
were held at Washington, D. C., on April 27, 28 and 
29. 

Progress-reports on geodetic work in the United 
States and Mexico were presented before the Section 
of Geodesy, as also papers on gravity-work, on ap¬ 
plication of radio to astronoznical longitude-determi¬ 
nations of the Geodetic Survey of Canada, on the 
moon’s influence on latitude and on the expansion 
and developments in the time-service at the U. S. 
Naval Observatory. 

The Section of Seismology of the union held a 
joint meeting with the Eastern Section of the Seismo- 
logical Society of America. An interesting senes of 
progress-reports, papers and informal communica¬ 
tions, totaling 39, was presented at the three sessions 
of this joint meeting, including, among others, prog¬ 
ress-reports on developments of seismological instru¬ 
ments and on the work of various seismograph-sta¬ 
tions in the United States and Mexico; papers 
relating to recent earthquakes, to discussion of meth¬ 
ods in seismological determinations, and to precise 
geodetic measurements and their relation to seismo¬ 
logical investigations; and an informal discussion of 
earthquake-code. 

At its meeting the Section of Meteorology had the 
privilege of hearing a paper by Dr. L. Vogard, of 
Norway, on the auroral spectrum, in addition to 
papers by members of the union and other guests on 
meteorological problems in relation to radiation, on 
trade-winds of the eastern Caribbean, on reduction 
of meteorological data from Cruise VII of the Car- 
negiej on interesting facte oonceming warm and cold 
waves, on the value of cloud-observations, on the 
Giao theory explaining the formation of precipitation 
in relation to fundamental concepts of the polar-front 
theory, on turbulence-factors of Linke and Angstrom 
and their practical applicability, and on the time, 
type and areal distribution of tornadoes in the United 
States. 


The reports and papers presented before the Sec¬ 
tion of Terrestrial Magnetism and Electricity included 
progress-reports on the year’s investigations and 
jirojects in the United States, Canada and Mexico 
and on the International Polar Year of 1932-33, 
while the papers related to cosmic rays, to earth- 
resistivity measurements, to ozone and the sunspot- 
cycle, to cosmic radio correlations and to effect of 
magnetic activity upon secular change. 

As m past years, the meeting of the Section of 
Oceanography consisted mainly of the progress-re¬ 
ports of eight governmental bureaus and private 
research organizations engaged in oceanographic work 
in the United States and Canada. Besides these re¬ 
ports, there were papers on the submarine valleys of 
the Bahamas, on submarine mock valleys, on investi¬ 
gations of submarine valleys, on monthly sequence 
of sea-surface temperature on the New York-San 
Juan steamship route, on air- and water-temperatures 
in the West Indian region, on development of our 
conception of the Gulf Stream system and on data 
from borehole on New Providence Island, Bahamas. 

In the Section of Volcanology the papers dealt with 
volcanic explosions and overthrusts, with the Tertiary 
Volcano at Cripple Creek, Colorado, and the volcano 
of Santa Mana in Guatemala, with some features of 
volcanic sequence in the Cascade Region in Oregon, 
and with volcanic history of the Magdalena District, 
New Mexico. 

The Section of Hydrology devoted three sessions to 
hearing reports of its nine p^inanent research com¬ 
mittees and 25 papers covering numerous investiga¬ 
tions. and developments in scientific hydrology 
throughout the United States. These brought out 
clearly the effective cooperation existing between the 
various hydraulic stations and laboratories of the fed¬ 
eral government, of the state governments, of uni- 
versitiea and of consulting engineering organizations. 

At the business session of the general assembly the 
general secretary reported a total membership of 355, 
as of April 28, 1933. Among other things, the gen- 
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eral secretary also reported briefly on relations of the 
union with the international body and on the process 
of the International Polar Year of 1932-33. His 
report showed that interest in geophysics during the 
past year has continued its rapid growth—a growth 
to which the union has made substantial contribution. 

The following nine resolutions were unanimously 
adopted: 

(I) Resolution on the death of Robert Lee Farts, pro* 

posed by the Sections of Geodesy and Terrestnal 
Magnetism and Klectricity: 

Whereas^ By the death of Robert Lee Faria on October 
6, 1932, the American Geophysical Union has lost one of 
its original members and a former Ohairman of the Sec¬ 
tion of Geodesy, and 

Whereas, Captain Faris was interested in many de¬ 
partments of geophysics and helped to advance scientifle 
knowledge not only by his personal efforts in field and 
office, but also by the influence he was able to exert 
through the numerous and important administrative posi¬ 
tions hold by him, and not least by means of his personal 
character, which won for him the respect and friendship 
of those with whom he came in contact, therefore be it 

Resolved, That the American Geophysical Union, in 
general meeting assembled, hereby expresses and places 
on record its sexiso of loss through his death; and be it 
further 

Resolved, That copies of this resolution be sent to Mrs. 
Faris, to the Director of the U. S. Coast and Geodetic 
Survey, and to Chairman of the Mississippi River Com¬ 
mission. 

(II) Resolution on the death of John Ripley Freeman, 

proposed by the Sections of Seismology and 
Hydrology; 

Whereas, In the death of John R. Freeman the Amer¬ 
ican Geophysical Union has lost a pioneer in the fields 
of hydrology, geology, and seismology as related to en¬ 
gineering problems, and 

Whereas, He has rendered notable services to his 
profession by his generosity in providing traveling 
scholarships in hydraulics and in financing the translation 
and publication of foreign books and papers on hy¬ 
draulics, and by his untiring efforts toward the estab- 
lishment of a National Hydraulic Laboratory, and 

Whereas, He through publication and otherwise has 
greatly stimulated interest in seismology, especially In 
applications toward saving life and property; therefore 
be it 

Resolved, That the American Geophysical Union eoc- 
preases its sense of great loss in the death of John R. 
Freeman, not only because of his high engliioering and 
Bcientifle attainments, but also because of his outstand¬ 
ing personal qualities and his earnest and continuous 
efforts to advance the profession to which his whole life 
has brought honor; and be it farther 

Re$oU>edy That a copy of this resolution be sent to Dr. 
Freeman’s family. 


(in) ResoMUm on the death of Sarlan fM, 

proposed by the Section of Terrestrial Magnetisia 
and Electricity: 

Whebsas, In the death of Harlan Wilbur Fisk the 
American Geophysical Union has lost a member long 
identified with the affairs of the Union and active 
especially, as both member and officer, in the Section of 
Terrestrial Magnetism and Electricity, and 

Whereas, He rendered important service to the ad¬ 
vancement of geophysics, particularly through his ex¬ 
tensive participation in the magnetic survey of the Earth 
and through the interpretation of the results thus ob¬ 
tained; therefore be it 

Resolved, That the American Geophysical Union records 
this expression of its sense of profound sorrow^on the 
death of Harlan Wilbur Fisk; and be it further 

Resolved, That a copy of this resolution be sent to 
Professor Fisk’s family, to the President of the Car¬ 
negie Institution of Washington, and to the Acting Di¬ 
rector of the Department of Terrestrial Magnetism. 

(IV) Resolution on the death of Louis Winslow Austin, 

proposed by the Section of Terrestrial Magnet¬ 
ism and Electricity; 

Whereas, The death of Louis Winslow Austin has re¬ 
moved from the American Geophysical Union a member 
always actively interested in the affaire of the Union and 
one who made notable contribution to geophysics through 
radio-transmission research and its interpretation in re¬ 
lation to terrestrial magnetism and other geophysical 
phenomena; therefore be it 

Resolved, That the American Geophysical Union records 
this expression of its sense of great loss in the death of 
Louis Winslow Austin; and be it further 

Resolved, That a copy of this resolution be sent to Dr. 
Austin’s family, to the Secretary of the Department of 
Commerce of the United States, and to the Director of the 
United States Bureau of Standards. 

(V) Resolution on International Polar Year, proposed by 

the Section of Terrestrial Magnetism and 
tricity: 

Whesjeae, The American Geophysical Union regnrds 
with satisfaction and approval the progress mnin k 
carrying out the International Polar Tear prograk and 
appreciates the great value of the results that have been 
and will be obtained during the Polar Tear; therefore 
be it 

Resolved, That the American Geophysical Union 
presses the hope that the International Pc^ Tear Com* 
mission will be able to find meaaa for eomplete analyiiSi 
discussion, and distribution of the geopliysioal 
suiting from this magnificent international eGo^ anA 
that the Uidted States, through its government or others 
wise, will be able to assume its proper shwe k thk 
and be it further 

Resolved, that eopias of this resbivlto be sent th ka 
President of the Intematienal Polar tw OomseMk 
and to the Presidsnt of ko Academy of 

enoes with, the vofieet that ke ewh ’ 

position of remntkm an he may Anfi moet 
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(Viy Me^ohiition on domic rayo, proposed by the Section 
of Terrestrial Magnetism and fileotrieity: 

The importance ot studies of cosmic rays 
Is steadily increasing and the need for their continuous 
registration has been demonstrated; therefore be it 
MoBolvedf That the American Geophysical Union recom¬ 
mends that support wherever possible be given to the 
plan of the Carnegie Institution of Washington and co¬ 
operating agencies to establish at certain fixed observa¬ 
tories apparatus and equipment for recording cosmic rays 
photographically and continuously; and be it further 
Sesolved, That a copy of this resolution bo sent to 
the President of the Carnegie Institution of Washington 
with the request that he furnish copies to the cooperating 
agencies. 

(VII) Sosolutiona proposing an Intornaiional Commtsston 
on the Hydrology of 5now and Ice, proposed by 
the Section of Hydrology; 

WHKBKA.S, The hydrology of snow and ice and the 
methods of making snow-surveys constitute an important 
field in the science of hydrology^ with a considerable num* 
ber of research workers in the subject wisely distributed 
in different parts of the world, and 

WHKaaas, There is at present no international com¬ 
mission that covers this field; therefore be it 
Resolved, That the American Geophysical Union hereby 
expresses the hope that the Intemationed Association of 
Seientifle Hydrology will take appropriate stops at the 
forthcoming meeting in Lisbon to create a Commission 
on the Hydrology of Snow and Ice; and be it further 
Hesohedj That a copy of this resolution bo sent to the 
Secretory of the International Association together with 
copies of the annual reports for 1932 and 1933 of the 
Committee on Snow of the Section of Hydrology of the 
American Geophysical Union. 

(Vm) Resolution on appropriations for scientific investi¬ 
gations hy the Federal Government, proposed 
by the Section of Seismology: 

WaiEBJUS, There are certain typos of invostigatiou 
which can be carried on effectively only by the Federal 
Government^ and 

'WuSBMB, Large economies accrue to the Qovornment 
itself from those investigations; and 

Private engineers; geophysioistS; and others 
are almoet iSbuolutely dependent on tlie results of those 
investigatioiu for the eontinuance of their own work; 
therefore be it 

itesoiwd; That the American Geophysical Union ex¬ 
presses its hope that the solentifle work of the Federal 
Qaitmuxmi win got be too much curtailed under the 
, ftroM of, eeonqiiiiQ eoaditioiiB; and be it further 

- 


Resolved, That a copy of this resolution be sent to the 
President of the National Academy of Sciences for such 
use as the Academy may think proper in its capacity as 
official advisor to the Federal Goven^ment. 

(IX) Resolution on Naval Observatory time-signals, pro¬ 
posed by the Section of Seismology: 

Wberkas, Accurate time-signals sent out from a strong 
radio broadcasting station many times daily are neces¬ 
sary for seismologicol and other geophysical observations; 
and 

WbekbaB; The United States Naval Observatory is 
now broadcasting such signals seven times daily; there¬ 
fore be it 

Resolved, That the American Geophysical Union ex¬ 
presses its appreciation and gratitude for this service; and 
be it further 

Resolved, That this resolution be printed in the trans¬ 
actions and that a copy be sent to the Superintendent of 
the United States Naval Observatory. 

The Boientifio session of the general assembly was 
devoted to a symposium on relations of hydrology to 
other branches of geophysics; and included the fol¬ 
lowing papers: (a) “The Relation of Hydrology to 
the Botanical Sciences,^' by R. E. Horton; (b) “Re¬ 
lation of Meteorology to Hydrology,” by N, C. 
Grover; (c) “Distribution of Precipitation in the 
Cumberland and Tennessee Basins,” by M. W. Hayes; 
(d) “Glaciers and Geophysics,” by Harry Fielding 
Reid; (e) “Some Relations between Ground-water 
Hydrology and Oceanography,” by D. G. Thompson; 
(f) “Oebanography and Hydrology,” by G. F. Mo- 
Ewen; (g) “Relation of Seismology to Hydrology,” 
by N. H. Heck; (h) “Geophysical Interpretation of 
Ground-water Levels,” by 0. E. Meinzer; (i) “Asso¬ 
ciated Problems in Hydrology and Terrestrial Elec¬ 
tricity,” by 0» H. Gish. 

The marked success of the fourteenth annual meet¬ 
ing of the union and of its sections hinged largely 
upon the excellent program developed by the commit¬ 
tee on meetings, consisting of Messrs. H. A. Manner 
{chairman)f R. M. Field, R. E. Gibson, F. W. Sohon, 
S.J., and H. F. Johnston. 

The manuscript for the planographed volume of 
the complete Transactions of this meeting is already 
in preparation, and it is hoped that the volume may 
be issued during July. 

' Jno. a. Fleming, 
General Secretary 


SCmNTlFIC apparatus AND LABORATORY METHODS 


A HOVTH PIPStTB AND CONTAINERS FOR 

smaller OROANUMS 

aaooantan ohoiee epaoiinena 
itody ia meh wateriala as plankton, 
ilfpoiiti m ffli»d eoltoms of protoaoa. Bat 
; of tha tiaie reqnimd to aepamto the de«red 


foxua from the auue of debris by the ordinary meana 
at hand the specimens are usually saerifloed. For the 
same reason mixed ealtures of protosoa are often 
tolerated. In my iaveetigation of the soft perts of 
toe' foraminifera, many thonsands of Indtridnala 
rangiag in sise ^m 40 to 600it were ieoleted. In 
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the preparation of stained materials, it was necessary 
to change reagents without contamination. It was 
also necessary to avoid loss, or injury to the fragile 
protoplasmic parts after decalciflcation. The pipette 
illustrated (A) has given several years of satisfaction 



and IS to be recommended for the manipulation of 
living or fixed organisms of the magnitude mentioned. 

The barrel is as convenient in size and weight as 
that of a fountain pen. Small organisms are drawn 
into the pipette by capillary attraction controlled by 
releasing the pressure of the tongue which is held 
against the end of the mouthpiece. The pipettes re¬ 
quire a minimum of material, time and skill to pre¬ 
pare, and cun be easily replaced in the barrel. Sterile 
pipettes of graduated si/os may be conveniently stored 
in test-tubes. Coating the pipette with paraffin pre¬ 
vents rhizopods and other adhesive organisms from 
sticking to the walls of the pipette.^ While changing 
reagents the barrel constitutes a trap with a capacity 
of about 8 ml and may be held in any position with¬ 
out contaminating the mouthpiece, or filling the 
pipette with the contained fluid. By holding the bar¬ 
rel in a vortical position, pipette uppermost, the 
pipette stopper may be removed and the contents 
emptied. 

At least three holders were necessary in my work. 
These were marked with bands cut from rubbei; tub¬ 
ing as follows: white for living material, red for 


general reagents and black for anhydrous solutions. 
It is very oonvenient to mark hand pipettes (B) in 
the same manner. A rack of suitable height and 
capacity for the pipette holders, attached to a ring 
stand or built above the microscope table, is very 
convenient. 

Small or rare organisms were handled to advantage 
in containers made from the bottoms of bacteriological 
test-tubes (C) cut with a hot wire and ground flat on 
top with a carborundum stone. Supports (D) for 
those containers were made of plaster of Paris similar 
to the illustration. For storage these containers may 
bo stoppered and placed in shell vials (E) as illus¬ 
trated. Large or more abundant organisms may be 
collected in embryological watch glasses. 

The following materials are necessary in the con¬ 
struction of the described pipette and holder; 6J 
inches of 14 mm glass tubing; 10 inches 7 mm glass 
tubing; 18 inches i inch rubber tubing; several 00 
rubber stoppers; 4 mm thin-walled soft glass tubing 
is essential for the pipettes. 

Earl II. Myers 

ScBiPPs Institution or 
Oceanography 
La Jolla, CALxroaNiA 

MICROSCOPE LAMP FOR BIOLOGICAL 
LABORATORIES 

The lighting units used on the students' tables in 
the elementary botanical laboratories of the Life Sci¬ 
ences Building at the University of California have 
occasioned so much comment from visiting botanists 
and zoologists and have brought so many requests for 
specifications that publication of a brief description 
of these lamps scorns advisable. Besides having 
proven so completely satisfactory as sources of artifi¬ 
cial illumination for microscopic and other laboratory 
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JOKB 2 $, 1983 


SCIENCE 


611 


work| the cost of these lights is only a fraction of 
that of the table lamps supplied for similar purposes 
by the optical and laboratory supply companies. 

Along the middle line of each of the laboratory 
tables, which are 9 feet, 10 inches by 42 inches, and 
30 inches high, and which are designed to accommo¬ 
date three students on each side, throe such lamps are 
fixed* For the installation of each lamp the following 
parts, which can be secured from any jobber of elec¬ 
trical supplies, arc needed; 

1 Single flush convenience outlet. 

1 Single convenience outlet plate. 

1 Medium, screw base to standard adapter. 

1 Sectional switch box. 

1 Four inch porch band. 

1 0. R. 1. (crystal rough inside) glass ball, 8x4 inches. 

1 100-watt * * daylite ^ * lamp. 

2 I'inch round head brass screws. 

Connection of the lamps to a wall outlet is through 
a wire attached to the under surface of the table top; 


current is supplied to the convenience outlets, which 
are sunk in holes in the table top. 

The total cost of these items per lamp at the time 
of our inatallation was slightly less than $2.75. We 
have found the illumination sufficient for the use 
of the binocular dissection microscope and for stand¬ 
ard compound microscopes for all magnificatiorts up 
to that supplied by the 2 mm oil immersion objective 
and ocular 10. If the diffuse illumination coining 
directly to the user^s eyes from the upper part of the 
lamp proves unpleasant, which in practise it seldom 
does, the upper part of the ball may be painted on 
the inside surface with white, opaque paint. If for 
any reason it is desired to remove the lights so that 
the table, entirely free from obstructions, may be used 
for other purposes, it is only necessary to remove the 
two wood screws from the “poreh ring'^ and slip the 
adapter with the daylight bulb out of the receptacle. 

Richard M. Holman 

University or CALiroRNiA 


SPECIAL ARTICLES 


INFECTION IN MICE FOLLOWING INSTIL¬ 
LATION OF VESICULAR STOMATITIS 
VIRUS 

Wb have previously stated^* that intracerebral 
inoculation of anesthetized white mice with the virus 
of vesicular stomatitis of horses uniformly induces 
characteristic lesions in the organs of the central 
nervous system. Recently Webster and Fite* have 
succeeded in transmitting a fatal infection to mice by 
means of intranasal instillation of louping-ill virus. 

Regular transmission to mice of a lethal infection 
has also followed nasal instillation of the Indiana and 
New Jersey* strains of vesicular stomatitis virus. The 
cerebral tissue, oseptically removed from mice suc¬ 
cumbing to the experimental infection induced by 
intracerebral injection of the virus, was ground in a 
sterile mortar with hormone broth of pH 7.5 to a 1:10 
suspension and filtered through a Seitz disk, and 
instilled intranasally in doses of 0.04 cc by means of 
a tuberculin syringe fitted with a blunt needle. The 
nasal tissues were not injured. 

Within four to six days, the animals developed 
hyperesth^ia, tremors, incoordination, spastic paraly¬ 
sis most marked in the posterior extremities and 

iH, B, Cox and P. K, Olitsky, Proc. floe, Exp, Biol, 
and Med., 30: 654, 1983. 

<H, E. Cox, J. T. Syverton and P. K. Olitsky, Proc, 
8oe, Exp, Biah and Med., 30; 896, 1933. 

« L. T. Webster and G. W. Fite, Proo. Soo, Exp. Biol, 
and Med., 80: 666, 1938. 

sH. B. Cox and P. K. Olitsky, Proo, 8oc, Exp. Biol, 
and Ked., 80; 653, 1938. 


prostration, followed by death on the fifth to eighth 
day. The series of nasal infections was earned 
through twelve passages—in each transfer the brain 
of nasally infected mice having been used as the 
inoculum. 

The pathological changes are similar to those occur¬ 
ring in guinea-pigs and mice^-* inoculated intra- 
cerobrally with neurotropic vesicular stomatitis virus. 
The nerve cells of the hippocampus in the brain and 
the anterior gray matter of the cord contain typical 
intranuclear inclusion bodies, such as are found in the 
epithelial cells of the guinea-pig pad inoculated with 
the virus of vesicular stomatitis or of foot-and-mouth 
disease and in the nerve cells of the guinea-pig inocu¬ 
lated intracerebrally with the virus of vesicular 
stomatitis. 

In addition to the effective brain tissue in dilutions 
as high as 10^ the virus in the 26th generation of 
tissue cultures* in dilutions of 10* and in the filtrates 
of affected guinea-pig pads was found to be active 
when instilled nasally in mice. The question arises 
whether in the field vesicular^ stomatitis may be con¬ 
veyed by nasal inhalation of the incitant. 

It. appears, therefore, that the virus of vesicular 
stomatitis is strikingly active in a minute quantity 
(1 to 10 million dilution) in the nasal passages of 
mice and that the uninjured nasal mucosa is as sensi¬ 
tive to infection as is the injured brain or pads of 
animals.* 

These experiments suggest that the closely related 

8 All operations were done under ether anesthesia. 
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virus of foot-and-mouth disease may also be infective 
in high dilution through intranasal inhalation. 

PETKB K. OlilTSKV 
Herald E. Cox 
Jerome T. Stvbrton 

Laboratories or the KociCErELXiBB Institute 
roR Medical Beseabcii 
New York 

ACTIVE IMMUNIZATION TO ANTHRAX BY 
MEANS OF HETEROPHILS ANTIGEN 

Since the work of Forasman^ showing the existence 
and action of heterophilc antigens and antibodies^ 
subsequent investigations have shown these to be 
widely distributed in animals and bacteria. Recentlyi 
Combiesco, Satamtesco, Nesioresoo and Adam have 
demonstrated this antigen in anthrax bacilli.^ 

The work of Bailey and Shorb,® and that of Powell, 
Jamieson, Bailey and Hyde/ indicates that the hetero- 
phile antibodies play an important role in the protec¬ 
tion, treatment and recovery in pneumococcus infec¬ 
tions. 

Thus the following experiment was done to deter¬ 
mine whether or not heterophile antibodies play any 
role in anthrax infections. 

Two rabbits were inoculated with boiled sheep cor- 


Y4)U Tf, m 

paaelea. After a parind of two wedm had dhputd 
from the last injeetiou, a small amount of blood was 
removed fxmn the ear vein and a titration made to 
determine their heterophile antibody content Then 
these two rabbits, along with two oontrds, were given 
subeutaneous inoculations of a virtdent anthrax 
baeilli. The results are shown in Table 1. 

From the above experiment it is evident that im¬ 
munity developed by stimulation with the heterophile 
antigen in sheep’s corpuscles protects rabbits from 
anthrax infection. 

Since heterophile antibodies can be produced by 
oral administration of the antigen,® this method of 
anthrax immunization might be adaptable to the pro¬ 
tection of individuals whose occupaUon exposes them 
to anthrax infection. Such individuals as wool sorters 
and tannery workers might be protected from anthrax 
infection by oral administration of the heterophile 
antigen in sheep corpuscles. 

The use of heterophile antiserum in the treatment 
of anthrax infection is being studied, and will be 
reported later. 

Gborqb E. Rockwell 

Department or Bactebioloot 

AND HTOIENS 

Ukivebsitv or Cincinnati 
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TABLE 1 


Previous 
treatment 
of rabbits 

Hetero¬ 

phile 

Titer* 

Amount of 
turbid suspen¬ 
sion of viru¬ 
lent Anthrax 
bacilli inocu¬ 
lated 

Besults 

None 

none 

0.2 cc sub¬ 
cutaneous 

Died in 3 
days 

None 

none 

0.2 cc sub¬ 
cutaneous 

Died in 4 
days 

5 intraperltoneol in¬ 
jections of 6 ce of 
20 per cent, solu¬ 
tion of boiled 
sheep corpuscles. 

800 
units 
per cc 

0.2 ce sub¬ 
cutaneous 

Noillef- 
fect. Ob¬ 
served for 
a month 

5 intraperitoneal in¬ 
jections of 5 cc of 
20 per cent, solu¬ 
tion of boiled 
sheep corpuscles. 

8200 
units 
per cc 

0.4 cc sub¬ 
cutaneous 

No ill ef¬ 
fect, Ob¬ 
served for 
a month 


* Heterophile unit is defined as sufficient antibodies to 
hemolyze in the presence of complement 0.1 ce of washed 
erythrocytes diluted 1 plus 3 in terms of ■?rtiole blood 
concentration. 

> J. Forssman, Bioohem, Beitaohr., 87; 78, 1911. 

* D. Comblesco, S. Stamateseo, N, Kestoresco, and 0. 
Adam, Compt rend. doo. de SioU, 104: 712^717, 1980. 

* O. H. Bailey and M. S. Shorb, Amer. Jour. Byg., 18: 
831-^6, 1981; OKd., 17; 829-411, 1933. 

* H. M. Powell, W. A. Jamieson, H. Bailey and B. B* 
Hyde, Amor. Jour, Eyg., 17: 102-121, 1988. 
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WILLIAM THOMAS COUNCILMAN 

JANUARY I, iSm-MAY a6, 1933 
By Dr. HARVEY CUSHING 


Throughout his long life Councilman was a man 
of ardent and generous enthusiasms. It was this 
quality, combined with his utter informality, which 
made him such an inspiring teacher for the young and 
such a delig^iful companion both for young and old. 
There was a picturesque ruggedness in his personal 
appearance, an unexpectedness in bis turn of thought, 
a shrewdness and independence in his observations 
concerning people, things and events that set him 
apart from the common mould. He had escaped from 
early educational and environmental inhibitions by 
which many persons come to be afflicted and sub¬ 
dued. Combined with an utter unconsoiousness of 
■elf, there was about him a certain sturdiness of mind, 
frankness of opinion and honesty of purpose which 
were no less disconcerting to the self-complacent than 
Mfraslung to those who appreciated his outspoken 
sincerity. 

He ^8 bom on a busy farm which straddled the 
Beistertown turnpike not far from Baltimore, and 


he always regarded it as fortunate that his early 
years were pajHsed in sueh an environment. There he 
learned to plow, to swing a cradle, to bind sheaves 
of grain and do other things that were unforgettable, 
like the gathering of Spring simples. 

The very earliest thing I can remember (he wrote in 
one of later-year addresses] is being taken by my grand¬ 
father when he set out in the first warm days of early 
spring with a grubbing hoc ^wo called it mattock) on 
his shoulder to seek the plants, the barks and roots from 
which the spring medicine for the household was pre¬ 
pared. If I could but remember all that went into that 
mysterious decoction and the exact method of prepara¬ 
tion, and with judicious advertisement put the product 
upon the market, I would shortly be possessed of wealth 
which might be made to serve the useful purpose of 
increaeing the salaries of all pathologists. . . . But, alas I 
I remember only that the basic ingredients were dog¬ 
wood bark and sassafras root, and to these were added 
qu, s. bloodroot, poke and yellow dock. That the medi¬ 
cine benefited my grandfather I have every reason ta 
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believe) for he wm a halo, strong old man, drm in body 
and mind until the infection came against which even 
spring medicine was of no avail. That the medicine did 
me good I well know, for 1 can see before me even now 
the green on the south hillside of the old pasture, the 
sunlight in the strip of wood where the dogwood grew, 
the bright blossoms and the delicate pale green of the 
leaf of the sangninaria, and the even lighter green of 
the tender buds of the sassafras in the hedgrow, and it 
is good to have such pictures deeply engraved in the 
memory. 

Sent off to school at St. John’s College, Annapolis, 
he left there at the age of sixteen and for the next 
six years 'led an independent existence, raised side 
whiskers, considered himself a very ripe individual 
and did pretty much as he chose.’ That he Was always 
something of a rebel and disinclined to do anything 
which did not interest him, he in after years fre¬ 
quently confessed. But at the age of twenty-two, the 
determination struck him to follow in the footsteps 
of his father, a country doctor “who had never lost 
the childish desire to find things out by observation 
and the test of experiment.” 

He entered the Medical School of the University 
of Maryland which was no better nor worse than most 
schools of the period, the two-year course consisting 
largely of a series of lectures. The dissecting room, 
however, provided the contact with Nature for which 
he yearned, and the form and structure of the body 
soon fired his curiosity. Fully to satisfy this, the 
farm provided an excellent opportunity and, begin¬ 
ning with the mole, he proceeded to make a compara¬ 
tive study of the skulls of all available animals until 
the collection finally threatened to crowd him out of 
his bedroom. So engrossed did he become in this 
occupation he largely neglected his second-year course 
of lectures; and it was not wholly a misfortune that 
one day during his absence a little nephew ‘with a 
good business head’ sold the whole collection for a 
few cents to an itinerant bone merchant. This 
grievous episode, by driving him back to his lectures, 
made it possible for him to attain, in March of 1878, 
the degree ‘qualifying him bo exercise the art of 
medicine which he had so laboriously learned for the 
advantage of the public/ 

Then something notable happened and what this 
was can be best told f ragmentarily in his own words, 
though proi>erly to do so the scene must be shifted 
and the calendar advanced to 1921, a full forty-three 
years. 

As the Christmas recess drew near, it was noised 
about in the Harvard Medical School that on Decern* 
her l&th Professor Councilman was for the last time 
to conclude his course of lectures on pathology for 
the second-year class. Entering the large amphi¬ 
theater to find it packed to the doors by members of 


all dassea, Me face hooame suftised at tiiM bmmt of 
applause and thetb abandoning his intended disoonrse, 
vri^ his engaging hesitaney of speech slightly more 
pronounced than usual, he said in effect: 

“It is plain to see that you regard this as an oeea- 
sion marking an epo<^ in my life, and there is a 
tendency to regard an epoch as an excuse for remarks. 
The three great epochs of life are birth, marriage and 
death, and they are often accompanied by certain 
remarks. At the wedding breakfast many have suf¬ 
fered from these remarks and some of us hare made 
them. The present is a sort of intermediate epoch 
and though my talk is usually desultory I may take 
advantage of the occasion to be even more vague and 
desultory than usual.” 

By good fortune someone wrote down his im¬ 
promptu ruminations and though they ean not be 
quoted in full, interesting as that would be, some 
excerpts will serve to show what it was that happened 
after his graduation in March of 1878. 

... I heard that there was at the Johns Hopkins 
University a new sort of institution called a laboratory. 
I vaguely knew of the Johns Hopkins University bat 
not a great deal about it. It had opened in 1876 and 
Huxley came on to give the opening address; my father 
drove in from the country and heard this address and 
he came back and told us what an impression it had 
made on him. . . . There seems something remarkable 
about the opening of this University. . . . The men, 
Martin, Rowland, Brooks, and Remsen, were young men, 
and as young men they felt no hampering traditions. 
Traditions may bo very important, but they can be ex¬ 
tremely hampering as well, and whether or not tradition 
is of really much value I have never been certain. Of 
course when they are very fine, they do good, but it is 
very difficult of course ever to repeat the conditions 
under which good traditions are formed, so they may 
be and are often injurious and I think the greatest 
progress is made outside of traditions. So the Johns 
Hopkins University started without traditions, and 
started with young men, full of vigor and enUmsiasm, 
as its leaders. The University at its beglnnii^ made 
proviuon for twenty fallowsbips, each fellow being paid 
five hundred dollars; and the idea of going to a waiver- 
iity and being paid for it made an ixapressiont 

He then went on to tell of Martin’s permitting him 
to join his small class in the bioiogieal laboratoxy for 
the next three months and how tiirilled he was with 
the informal spirit of the place and with the xhethod 
of teaching through observation and axperim^ 
That summer he became assistant to the ^tneraatine 
officer, bonght a cheap mioroscope with his flmt aamU 
candles, and began with its aid to atndy 
tologioal preparations as he could find Mme to 
in the intervals oi his routine work. Ai^ whoo 
anttunn Martin effer^ him 
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pifaysiolQiry th« lollovinff ye&r his oup was over¬ 
flowing. 

For the first paper he ever wrote (an experimental 
study of inflammation of the oomea) he was given a 
prize of one hundred dollars and with this encourage¬ 
ment he might well enough have been tempted to 
take up biology as a career. But something else 
proved a greater lure: for during the summer months 
of the three years since his graduation he had been 
at woiiE, partly at the Marine Hospital and partly 
at the Bayview Asylum (the city almshouse and hos¬ 
pital) meanwhile becoming ardently interested in 
histological pathology. Properly to pursue this sub¬ 
ject further, be decided that he must go abroad, which 
his frugal savings permitted him inexpensively to do. 

He could scarcely have gone at a more fortunate 
tim©| for almost daily new discoveries were being 
made and new methods developed. In 1880 German 
medicine was approaching its heyday, under the 
stimulus of the now cellular pathology and the culti¬ 
vation of pathogenic bacteria, both greatly aided by 
the increasing use of analine dyes in the study of 
tissues and micro-organisms. His longest sojourn was 
passed in Vienna under men who had been brought 
up in the tradition of Rokitansky. For a considerable 
time he was with Recklinghausen in the new school 
at Strassburg. He was working under Cohnheim and 
Weigert in their active laboratory at Leipzig when 
in April 1882 the Exciting nows was brought of 
Kooh^s discovery of the tubercle baciUus. And a 
year later ho is found with Hanna Chiari, a man 
of his own age, whom he had first known in Vienna 
but who now hold the chair of pathology in Prague. 
From this place under the date of July 16, 1883 a 
certain "correspondent/' W.T.C., sent off to the 
flf 0 < 2 ical News an entertaining letter largely given 
over to a vivid description of the ordinary mid-day 
meal served in that port of the world. 

So in his final leeture—which, from this digres¬ 
sion we may again turn—he went on to say; 

, I came back from Europe very full of all the things 
which 1 had learned and with a more or leas definite 
idea of , . • procuring medicine. But 1 put off later 
and later the putting up of a sign showing that 1 was 
wtlUihig to serve, and finolly never put it out, because it 
Semned to me there were so many other interesting things 
to do. And as long as one saw the posribility of doing 
these interCsUag things without actual starvation, there 
was n0 quesrioa of the choice, and there should never 
bs a q^eri^en ef the choice. I reasoned that if worse 
came to worst I had a few acres of good land on which 
i jbriild laise all the food *1 required and something 
^ . but 1 never hod to resort to agriculture for 
h t gp^ of this beeause at that tune there 

tq be nb posribility of earning a living by teach- 
Wel<^ in Kew York and I were 


probably the first two men in the country who tried it. 
I rather think Dr. Welch took the greater risk because 
he had not my agricultural resouTccs, though a training 
and mental capacity for greater than mine. 

For the next few years after his return from abroad 
in 1883 he engaged in various tasks, doing the 
autopsies at Bayview, teaching in the two local medi¬ 
cal schools, helping John S. Billings prepare his 
National Medical Dictionary, writing articles for 
encyclopoediaa, and for a year serving as Coroner's 
physician to the City. This position paid him three 
hundred dollars, but it Hied him down too much to 
places and dates' and ^being of a rather roving dis¬ 
position' he Mid not care to be at a certain place at 
a certain time,' so he surrendered the job to another 
physician who had a greater political pull. 

Meanwhile, in 1886 he had joined Welch and the 
early group of workers in the newly erected patho¬ 
logical laboratory which was to form part of a great 
hospital still in slow process of erection. And with 
the opening of the Johns Hopkins Hospital three 
years later there came another period as remarkable, 
he believed, as the first period, that of the opening 
of the University. To prepare himself for this event, 
in which he was slated to take part, he had gb:.e 
abroad in 1888 for another year of study j and" then 
for the two years prior to the establishment of the 
Medical School, in close intimacy— 

There togethor in the hospital a group of men, 
all young, all very good fellows, all working very hard, 
and all having a very good time. It is an important 
thing that people should be happy in their work, and if 
work does not bring happiness there is something wrong; 
and both at the University and at the Hospital there 
was that wonderful happiness in work. 

All others who shared in that cloistered, carefr^, 
hard-working and stimulating life in the Johns Hop¬ 
kins Hospital during those two early years have 
expressed themselves in similar vein and there may 
never be anything quite like it again. Of this ^mutual 
admiration society,' as it was dubbed by visitors who 
had enjoyed its warm hospitality, the acting resident 
pathologist with the title of Associate Professor was 
one of the conspicuously unique figures. And it is 
natural that he should have wen among the first of 
many to be called away by other institutions which 
were eager to capture something of the local spirit, 
hoping that it might prove transplantable. 

‘Aoouriomed as a second-year student to the formal 
lectures then in vogue at the Harvard Medical School, 
the wri^ well remembers what an impression was 
made by the addition in 1882 to a somewhat austere 
feeulty of this breezy informal pipe-smoking man, 
unmistakably sloping toward the stmny side, who was 
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said to have been the first 'outsider’ ever appointed 
to a professorial chair in the School. Accustomed to 
work elbow to elbow with others, those of us who 
oared to do so and knew enough to take advantag:e 
of the opportunity were welcome to a chair and a 
desk and a problem in his laboratory. 

Indelible pictures of him must remain etched on 
the memory of all who had even casual contact with 
him in those early days in Boston when mayhap 
target practice was being held in the laboratory on a 
Sunday morning. Ho was a deadly shot for a thumb* 
tack in a plank at twenty paces; and could swear at 
a golf ball as could few others. He was one of those 
rare people able without giving offence to punctuate 
quiet speech with oaths (even when talking to him¬ 
self) ; and he depended upon and made considerable 
fuss over his occasional tipple preferably of Mary¬ 
land rye. The growing up, later on, of his devoted 
children hampered him considerably in the first of 
these diversions—at least when at home; and what 
he thought of the Volstead Act and its necessary 
subterfuge does not bear repeating. 

As can be seen from some of the quotations that 
have been given, he did not always necessarily expect 
to be taken seriously, particularly when in one of his 
pessimistic moods usually precipitated by examples 
of human selfishnesa he had happened to observe. 
But even these occasional outbursts had their amus¬ 
ing aspects, which would make him laugh (and swear) 
both at himself and the world. Someone has said 
that his attitude toward life and its varied experi¬ 
ences was more like that of Mark Twain than of 
anyone else he had ever known. And not to mis¬ 
judge the lessening optimism and buoyancy of his 
later days, it may without impropriety be said that 
for sixteen years before his sudden end he had been 
victimized by increasingly severe attacks of angina 
pectoris. 

But let us return again to the valedictory remarks 
of the retiring Professor of Pathological Anatomy on 
that December day of 1921, and we find him saying 
in conclusion: 

It ficems to me that the most important thing for the 
teacher is to awaken interest and enthusiasm in his 
students and to provide them with opportunities of fob 
lowing the interest which is aroused, for in this way we 
progress. Knowledge can not be given, it must grow 
and be slowly formed through one’s own efforts. It is 
of no importance whatever to be talked to. I have 
always rather enjoyed lecturing, I like to talk, and I 
have gotten 1 am sure more out of the lectures than any 
of my listeners, because a lecture is often an important 
discipline to the teacher. It enables him to classify 
things in his mind; through tiie lecture he often acquires 
new ideas. I know that sometimes as I have been lee* 
turing I have seen an unscalable wall rising before the 


trend of my argument, and I have realised that if I 
said the next two or three sentences I would run against 
that wall, and one acquires a nimbleness of wit in finding 
a way around to the other side, 1 have enjoyed all that, 
and I think lecturing is an intellectual stimulus and 
comparatively harmless to the audience ... it does not 
really very much matter what the lecturer says. 

During those thirty years of consecutive teaching 
in a school which profited greatly by his ferment, he 
engaged in many time-consuming researches; and 
much as he loved to play, when once on a scientific 
quest he pursued it relentlessly and lived with his 
problem. While his independent j^apers deal with a 
large number of significant and timely subjects, he 
was more interested in fostering the work of his 
associates and pupils than in communicating the re¬ 
sults of studies carried out by himself alone. Hence, 
the names of one or more collaborators appear on 
most of his major publications. Thus his early work 
on malaria (1885) was shared with A. C. Abbott; 
his monograph on amoebic dysentery (1891) with II. 
A. Lafleur; that on epidemic cerebrospinal meningitis 
(1898) with F. B. Mallory and J. H. Wright; the 
studies of 220 fatal cases of diphtheria (1901) with 
F. B. Mallory and R. M. Pearce; a syllabus of pathol¬ 
ogy for students (1904) with F. B, Mallory; and the 
several important studies on variola and vaccinia 
(1891-92) were subsequently brought together (1904) 
in a monograph under the names of his several co¬ 
workers, G. B. Magrath, W. R. Brinckerhoff, E. E. 
Tyzzer, E. E. Southard, R. L. Thompson, I. R, Ban¬ 
croft, and G. M. Calkins. 

Obviously what fostered the making of the larger 
number of these conjoint investigations was the 
opportunity, which contemporary epidemics afforded, 
of intensively studying the several diseases with 
which these papers deal; but at the same time sight 
was not lost of the opportunity for public service to 
the community in which the epidemics were causing 
alarm. 

On the opening in 1913 of the Brigham Hospital 
to which he was appointed pathologist, the scope of 
bis work was greatly enlarged though at the same 
time his responsibilities were doubled. The larger 
part of his time came to be passed in the hospital 
and the departmental protocols of the day are models 
in their thoroughness of detail. The lengthened 
number of hours be was obliged to spend in the 
microscopical study of dead tissues may possibly have 
served to accentuate—^i£ anything could—his love of 
the outdoors and his interest in growing thingB. 

Disturbed by the architecturally unadorned exterior 
of the new hospital, he personally selected, planted 
and during his odd hours cultivated the well chosen 
varieties of rambler roses that still surround it; and 
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when 80 engaged, nothing gave him greater delight 
than for passers-by to mistake him for the official 
gardener. He bad a gift for making things grow 
and was forever planting and tending shrubs and 
flowers somewhere. One of his chief joys was the 
Arnold Arboretum and his knowledge of every shrub 
and tree in that marvellous place was scarcely ex¬ 
ceeded by that of his greatly admired friend, Charles 
S. Sargent, the Director. The horticultural interests 
now shown by certain inoml>ers of the hospital staff 
of those days can probably be traced to the Sunday 
morning rambles in the Arboretum or elsewhere 
through the country in company with Councilman 
and Pasco, his devoted bulldog, who scarcely ever 
left his side. 

By nature a close observer, this quality was further 
developed by the exercise of his profession and it was 
inevitable that ho should look about him with greater 
keenness and more curiosity than most persons. 
Though a wide and discniuinating reader, what he saw 
with his own eyes he questioned and interpreted in 
his own terms. He was, in its broad sense, a natural¬ 
ist, and all things interested him. Two unusual 
opportunities came to him to gratify his fondness for 
travel and desire at first hand to study the unfamiliar 
flora of other regions. In 1916, he accompanied the 
Rice Expedition to the Amazon; and two years after 
his retirement at Harvard, having been invited tem¬ 
porarily to join the staff of the Pekin Union Medical 
College, he took advantage of this to go around the 
world. He had a gift of description and was a most 
facile writer of highly entertaining letters which, 
usually undated, he would dash off on the sheets of 
ruled yellow paper which he kept ready at hand. 

It might be supposed, by the unthinking, that those 
whose chosen occupation is the study of disease and 
death would in time become callous and indifferent to 
life. On the contrary, it is more apt to lead to an 
abhorrence of suffering of any kind and to a peculiar 
tenderness toward living things. In his difficult and 
often baffling ^^earoh for the cause of disease by the 
examination of the dead body, by the microscopic 
study of the tissues and by the experimental repro¬ 
duction of its processes in lower animals, the patholo¬ 
gist is laying the foundation on which its recognition, 
alleviation or possible cure by physician or surgeon 
during life is alone possible. It is a task requiring 
optimism, patience, intelligence and self-saorifloe of 
unusual degree. And to show what outlet a patholo¬ 
gist may have, this inadequate tribute to one of them 
may well close with an allusion to something else. 

On relinquishing his chair and with it his hospital 
position, Gounoilman merely shifted his attention 
from the diseases of man to those of plants, and hia 
last printed paper, issued from the Arnold Arbore¬ 


tum, was the result of a microscopic study of the 
relation of the fungi of its essential humus to the 
root-system of Epigtiea repena. As befitted its place 
of publication in the Proceedings of the Natioftal 
Academy of Sciences, it was a detailed presentation 
of a novel and little studied subject couched in scien¬ 
tific terms. But it was characteristic of him that he 
could not leave the trailing arbutus without unburden¬ 
ing himself in regard to its “fatal gift of conspicuous 
beauty'^ even though his feelings must be relegated to 
the footnote in which he says: 

The Epigaea repons is one of the most beautiful and 
interesting of plants. Its blossoms which are among 
the earliest of the spring flowers are white or pink with 
a waxy texture and a delicious spicy odor and are borne 
at the extremities of the stems. The pale green hairy 
leaves and the pale pink or green stems streaming from 
the centre close upon the surface of the soil add to the 
attractiveness. The environment of dead brown leaves, 
mosses and low plants give a perfect sotting. It is 
unfortunate that these wonderful qualities should be 
those which arc ensuring the destruction of the plant. 
Barge quantities arc gathered in the spring and hawked 
around the city streets, the unfortunate city dwellers 
seeking to satisfy atavistic and misanderstood yearnings 
for woods and green dales by purchasing the bunches. 

. . . The automobile by rendering remote places easily 
accessible has contributed greatly to its destruction, but 
the most powerful agency is the commercial exploitation 
which is ru^Iess and the traffic of great extent. Where 
the plants are abundant a family even selling thorn at 
wholesale can often earn $25.00 a day . . . but the plant 
is of slow growth and the relation of leaf and root is so 
finely adjusted that recovery after considerable loss does 
not take place and the stimulation to effect new growth 
cannot act on the plant and the fungus at the same time. 
By great care and skill plants can be transferred to 
other suitable localities and may even be propagated by 
seed but there is litUe prospect of its ever becoming 
a garden habitant. ... I have known it to disappear 
completely from localities where formerly common and 
probably no plants can now be found within a dozen 
miles of any of the large cities. This desire to save the 
plant is not a mere matter of sentiment. No plant is 
more suitable for . . . the awakening in children through 

its study the all important wonder and curiosity. 

Apparently like all wild beautiful things which man 
covets it must go but the loss of such things is a serious 
loss for man. ^ 

Thus Councilman went through life observing, 
studying, recording and speculating on things small 
and on things large, but always with consuming in¬ 
terest in the quest that engaged him and living up to 
his maxim that the chief happiness lies in woHc. 
When uprooted from his warm and fertile Maryland 
soil and transplanted to the rugged shores of Puritan 
New England, there must have clung to him some of 
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the ^essential native homua’ which guaranteed mpr^ 
than a precarious foothold. Though deeply engraved 
on his memory’ was the bursting springtime of his 
boyhood home, he came to appreciate no less the 


beauties of a slower year’s awakening. 6o it is 
suitable to leave him-^engrossed in the study of the 
tiny Maydower and vigorously diampioning its right 
to survive. 


A HISTORY OF THE NATIONAL RESEARCH COUNCIL 

1919-1933 

V. DIVISION OF GEOLOGY AND GEOGRAPHY* 

By Professor W. H. TWfiNHOFSL 

chaiehan 


The Division of Geology and Geography was or¬ 
ganized in 1918 for the purpose of assisting in the 
prosecution of the war and was reorganized in 1919 
to serve the interests of the sciences in time of peace. 
The membership of the division at first was placed 
at twenty-six and later twenty-seven, of which nine 
members were to be elected at large, one as the repre¬ 
sentative of the Division of Federal Relations of the 
National Research Council, and the others chosen by 
the national societies of geology and geography^ 
Experience soon demonstrated that a largo member¬ 
ship was too expensive for the work of the division 
and also too large for efficient work, and in 1928 steps 
were taken to reduce the membership gradually to 
nineteen, which was completely effected by 1932, 
Since this reduction it has seemed that still greater 
efficiency and loss expense would be attained by 
further reduction, and this view coincided with the 
recommendations of the Committee on Policies of the 
National Research Council, which urged that the 
executive members of the divisions be reduced to a 
number not greater than twelve. This reduction in 
membership is now in process and it is planned, be¬ 
ginning duly 1, 19X3, to have three members-at-larg© 
and nine members chosen by the national societies. 
It is felt that this reduction will permit centering 
more responsibility upon the members of the division 
and thus, in turn, lead to greater interest on the part 
of the membership. 

The division does its work very largely through 
committees, but there is also much work done through 
personal contacts of the officers and members of the 
division with other geologists and geographers. The 
committees are concerned with a wide range of objec¬ 
tives. The number has varied through t^e years and 
at the present time there are twenty-four, the mem¬ 
bership of a conunittee ranging from four to twenty. 
The motive prompting the appointment of a commit¬ 
tee is one of hope of development of a neglected oif 

1 This is the fifth of a series of ten artieles prepared 
to describe briefly the nature of the activities with which 
the National Besearch Council has be^ engaged during 
the past fourteen years. 


backward branch of geology or geography through 
having a group of students interest itself with the 
branch of geology or geography concerned. In this 
way advance to a notable degree has been made in 
several fields of geology and geography, among which 
are: batholithic problems, studies of the clay minerals, 
isostasy, measurement of geologic time, micro¬ 
paleontology, oceanography, paleobotany, petroleum 
geology, processes of ore deposition, sedimentation, 
shore-line investigations and tectonic geology. Two 
recently appointed committees are those on stratigra¬ 
phy and the accessory minerals of crystalline rocks, 
and it is confidently expected that substantial advances 
will be made in those fields. At the present time 
over 200 geologists and geographers are centering 
attention on the work of the twenty-four oommittees, 
and great credit is due to the chairmen and membeTS 
W'ho give time and energy to the work of the division. 

The roster of chairmen since the organizaUon of 
the division is as follows: 

1918 —John C. Merriam 

1919-1922—E. B. Mathews 
1022-1923—Nevin M. Fennezhan 
1923-1924—Andrew 0. Lawson 
102-^-1027—David White 

1927- 1928—Waldemar Lindrea 

1928- 1981—Arthur Keith 
1931-1933—W, H. Tweahofel 

The extent of the advance in the work of a 
mittee rests on Several factors, among which ai%r 
first and most important, the initlativa, leadershii^ 
and industry of the chairman, and, second, the nature 
of the problem. A committee is discontinued whmi 
its work has been concluded through solution hC tiie 
problems upon whi(di its attention was caiite^. or 
through development of interest on the of 
other organization prepared to assume rospoutiidlity 
for continuation of the work. The diviekm does 
attempt duplication of work, and when it is Ibslild 
that a competent organization is prepared to asiksQte 
responsibility for fnrtim dovelopinaiit a 
the division triHingly rstives from 
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Some yeare ago tbe diTittOO fotmd that not a great 
deal ims beiikg done in ooean<4pnphy and a commit- 
toe was appointed in 1922 to develop thia field. This 
eommittee studied the problems for a decade and 
through excellent annual reports of progress atimu- 
Uded interest in oceanographic problems. Ultimately 
the Work carried on by the committee was undertaken 
by other oiganisations that had entered this field both 
in the United States and abroad, and in June, 1932, 
the committee brought its activities to an end. A com¬ 
mittee on state geological surveys was appointed in 
1928 and was discontinued in June, 1932, on the 
completion of a r^um4 of the activities since 1910 
of tbe state and federal surveys, A committee to 
assist in the study of pioneer belts was appointed in 
1925 and discontinued in 1928, at which time support 
for the project was assumed by other organizations 
and the work has continued under their auspices. 

The work of the division may be classified as that 
of research, education and organization, and its 
various committees direct attention to one or more of 
these activities. Some committees, as those on mea¬ 
surement of geological time, clay minerals, tectonics 
and micropaleontology, are concerned almost entirely 
with research. Others, as the committees on sedimen¬ 
tation and paleobotany, are concerned with research 
pertaining to sediments or paleobotany and to educa¬ 
tion in these fields. The work of the committee on 
the state geological surveys may be considered es¬ 
sentially educational, and the work of the committees 
on bibliography of economic geology, conservation of 
tbe scientific results of drilling, field data of earth¬ 
quakes, and the International Geographical Union as 
that of organization. 

The research work of the division has resulted in 
the publication of several bibliographies, of numerous 
reports which appear in whole or in port in the 
annual reports of the division, of bulletins published 
by the National Eeaearoh Council, of articles pub¬ 
lished in geolo^oal or geographical journals, and of 
books publiftiGfd by commercial ooncems. Research 
work carried out on grants made by or through the 
dlviidon is usually published in various scientific jour¬ 
nals^ and in some instances in l^e publications of a 
geolpgioal survey. 

In additton to the work of committees, the division 
hiu aesietad jin the ptepara^on of bibliographies, in 
the'* eompwt^ of maps, in surveys of the fields of 
work of geology and geography, in cooperative work 
Wilk reBeoroh organizations, and it has served 
ns a ludson body between the soientisis of the United 
and aome of the international geographical 
^dgedlogd^ congresses. 

divhnan has no direct funds of its own other 
^ ai^ual allotment from the Besearoh Council 


to take care of its administrative e^^ensea. Some of 
the committees, as those on measurement of geologic 
time, studies in petroleum geology, and sedimentation, 
through their own efforts have acquired funds for 
aiding research in the fields concerned. These funds 
have been derived from various sources and from 
them, from time to time, small grants have been 
made to individual workers to assist in the solution 
of particular problems. 

The division participates in the allocation of the 
funds administered by the Committee on Grants-in- 
Aid of the National Research Council, the committee 
being composed of the chairman of the Council and 
the chairmen of the seven technologic divisions. To 
date sixty grants for geologic and geographic projects, 
totalling $36,913.50, have been made to fifty-one in¬ 
dividuals by this committee. Through these grants 
three seismographs have been erected in three different 
places in the United States, aid has been given to 
paleontologic and stratigraphic studies over many 
parts of the country, ranging from the Atlantic to 
the Pacific and from Canada to the Gulf, and aid for 
studies in these fields has been extended to include 
territory in several foreign countries. Mineralogy 
and petrography have received aid for both field 
and laboratory studies, and work in geography has 
been made possible in the United States, Greenland, 
Mexico, Brazil, Japan, and elsewhere. Applications 
for grants have been numerous and many have been 
denied because of insufficient funds, or because the 
projects presented were of such a nature that they 
did not come within tbe bounds of the policies under 
which the grants-in-aid are administered. It is felt 
that the two fields of learning represented by the 
Division of Geology and Geography have been greatly 
benefited through support derived from these funds, 
and the records of results are extremely creditable. 

For the past three years the division has had Oie 
administration of from four to six pre-dootorate fel¬ 
lowships, known as the Storrow fellowships, a fund 
of $5,000 having been given annually to the division 
for this purpose. These are granted to students of 
geology and geography, and the allotment per student 
per anniun has been from $800 to $1,000. For the 
fellowships given for the ywr 1932-1933 there were 
sixt;^-five applicants, or thirteen applicants for each 
one chosen, thus clearly showing the needs for fellow¬ 
ship support for geology and geography. The fellows 
study in any institution approved by the fellowship 
committee of the division. The division is greatly 
in need of post-dootorate fellowships in order tbut 
students of marked ability in research need not be 
compelled to accept minor commercial or educational 
positions to have an income necessary for subsistence. 
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With soventl well-supported post-doctorate fellow¬ 
ships the most gifted of the younger geologists or 
geographers of the country could be retained for one 
or more years in study and research before settling 
down to some permanent position. It is believed that 
in this way very great advance could be made. 

During the period 1926-1931 the division, together 
with the Divisions of Physics and Chemistry, co¬ 
operated through the Central Petroleum Committee 
of the Research Council with the American Petroleum 
Institute in organizing the work and selecting the 
personnel for the projects Enancod by the institute 
under its five-year program of fundamental research 
in petroleum. Descriptions of these projects and 
lists of papers which resulted from these studies have 
been published in the bulletins of the institute. 

One of the bibliographic projects now in progress 
under the auspices of the division is that of the 
“Annotated Bibliography of Economic Geology.” 
Sufficient funds were raised by the committee to 
cover the editorial expenses for a period of about 
seven years, after which it is hoped that the bibliog¬ 
raphy will have sufficiently demonstrated its useful¬ 
ness to enlist further financial support. 

As noted in a previous paragraph, records of the 
work of the division are given in numerous publica¬ 
tions. In the annual report of the division for 1931- 
1932, a history is given which includes an annotated 
list of some 64 projects undertaken by the division 


since its permanent organization in 1919. In this 
history are given details and results of the work of 
the division not possible of presentation in this short 
paper. These are tangible results that are possible 
of measurement. In addition there are the intangible 
results which are difficult of discovery and equally 
difficult of evaluation. The several division chairmen, 
the many different members of the division and the 
personnel of the committees have stimulated research 
as they have been brought in contact with their col¬ 
leagues through membership in the National Research 
Council or its committees, and they themselves in turn 
have been stimulated by such contacts. To those 
familiar with the results of the work accomplished, 
the record seems an enviable one. 

The future of the division is of course unknown, 
but everything seems favorable for continued devel¬ 
opment along the paths it has already opened. In 
the early days there was no doubt much uncertainty 
as to what the division might do, but, measured by 
its past record, it has more than justified its founding, 
and, basing itself on its accomplishments, it may look 
confidently to the future. As in the past there will 
be required devoted and loyal workers. The division 
in part can provide for these in the election of mem- 
bers-at-large and the selection of its committee chair¬ 
men, but for the greater part of the membership it 
must rely upon the societies by which these members 
are chosen. 


SCIENTIFIC EVENTS 


ESTABLISHMENT OF THE OFFICE OF 
NATIONAL PARKS, BUILDINGS 
AND RESERVATIONS 

The reorganization order of President Roosevelt, 
establishing the Office of National Parks, Buildings 
and Reservations, will take effect sixty days from 
June 10, the date of issue. It is as follows: 

AH functions of administration of public buildings, 
reservations, national parks, national monuments and 
national cemeteries are consolidated in an office of 
national parks, buildings and reservations in tlie Depart¬ 
ment of the Interior, at the head of which shall be a 
director of national parks, buildings and reservations; 
except that where deemed desirable there may be ex¬ 
cluded from this provision any public building or reser¬ 
vation which is chiefly employed as a facility in the work 
of a particular agency. This transfer and consolidation 
of functions shall include, among others, those of the 
National Park Service of the Department of the Interior, 
and the national cemeteries and parks of the War De¬ 
partment which are located within the continental limits 
of the United States. National cemeteries located in 
foreign countries shall be transfer! ed to the Department 
of State, and those located in insular possessions under 


the jurisdiction of the War Department shall be ad¬ 
ministered by the Buroau of Insular Affairs of the War 
Department. 

The functions of the following agencies are transferred 
to the office of national parks, buildings and reservations 
of the Department of the Interior and the agencies are 
abolished: 

The Arlington Memorial Bridge Commission, the Pub¬ 
lic Buildings Commission, the Public Buildings and Pub¬ 
lic Parks of the National Capital, the National Memorial 
Commission and the Book Creek and Potomac Parkway 
Commission. 

Expenditures by tlie Federal Government for the pur¬ 
poses of the Commission of Fine Arts, the George Bogors 
Clark Besquicentennial Commission and the Bushmore 
Commission shall be administered by the Department of 
the Interior. 

THE BRITISH ACADEMIC ASSISTANCE 
COUNCIL 

The formation of the Academic Assistance Coun¬ 
cil, with Lord Rutherford as president, has been re¬ 
ported in SoisKOB. The official announcement of its 
objects, issued from the rooms of the Royal Society 
at Burlington House, London, is as follows: 
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Jlifany eminent scholars and men of science and uni- 
versily teachers of all grades and in all faculties are 
being obliged to relinquish their posts in the univorsltios 
of Germany, 

The universities of our own and other countries will, 
wo hope, take whatever action they can to offer employ¬ 
ment to these men and women, as teachers and investi¬ 
gators. But the financial resources of universities are 
limited and are subject to claims for their normal do^ 
velopmeiit which can not be ignored. If the information 
before us is correct, effective help from outside for more 
than a small fraction of the teachers now likely to be 
condemned to want and idleness will depend on the ex¬ 
istence of large funds specifically devoted to this pur¬ 
pose. It seems clear also that some organization will bo 
needed to act us a center of infonimtion and put the 
teachers concerned into touch with the institutions that 
nan best help them. 

We have formed ourselves accordingly into a pro¬ 
visional council for these two purposes. We shall seek 
to raise a fund, to bo used primarily, though not ex¬ 
clusively, in providing maintenance for displaced teachers 
and investigators, and finding them the chance of work 
in universities and scientific institutions. 

Wo shall plfico ourselves in communication both with 
universities in this country and with organizations wluch 
are being formed for similar purposes in other countnes, 
and we shall seek to provide a clearing liousc and center 
of information for those who can take any kind of action 
directed to the same end. Wo welcome offers of co¬ 
operation from all quarters. We appeal for generous 
help from all who are concerned for academic freedom 
and the security of learning. We ask for means to pre¬ 
vent the waste of exceptional abilities exceptionally 
trained. 

The issue raised at the moment is not a Jewish one 
alone; many who have suffered or are threatened have 
no Jewish connection, ^he issue, though raised acutely 
at the moment in Germany, is not confined to that coun¬ 
try. We should like to regard any funds entrusted to 
UB as available for university teachers and investigators 
of whatever country who, on grounds of religion, political 
opinion or race, are unable to carry on their work in 
their own country. 

The Boyal Society have placed ofiAce accommodation at 
the disposal of the council. Sir William Beveridge and 
Professor C. 8. Gibson, F.Il.8., are acting as Honorary 
Secretaries of the Council, and communications should 
be sent to them at the Royal Society, Burlington House, 
W.l. An executive committee is being formed and the 
names of trustees for the fund will shortly be announced. 
In the meantime checks can be sent to either of the 
honorary secretaries. 

Our action implies no unfriendly feelings to the people 
of any country; it implies no judgment on forms of 
government or on any political issue between countries. 
Our only aims are the relief of suffering and the defense 
of learning and science. 

LaaoBLLES Abeeoboubib, S. Ai^andsb, W. H. 
BffVBKmax, W. H. Baaoa, BuoKMAfiTfea, Okoil, Cbaw- 
rOBO k BiXCAEESS, WlKITRSD C. CtJLLXB, H. A. L. FXBHEB, 


Maborry Pry, C. S. Gibson, M. Greenwood, J. 8. Hal- 
dank, A. V, Hill, Georoe F. Hill, W. 8. Holdsworth^ 
F. Gowland Hopkins, A. E. Housman, J. C. Irvine, 
F. G. Kenyon, J. M. Keynes, A. D. Lindsay, Lytton, 
J. W. Mack AIL, Allen Mawer, Gilbert Murray, 
Eustace Percy, W. J. Pope, Robert S. Bait, Rayleigh, 
Charles Giunt Robertson, Robert Robinson, Ruthkb- 
roRD, Michael E. Sadler, Arthur 8chuster, C. S. 
Sherrington, George Adam Smith, 0. Elliot Smith, 
J. C. Stamp, J. J. Thomson, G, M. Trevelyan. 

HONORARY DEGREES CONFERRED AT 
YALE UNIVERSITY 

Degrees conferred in the acienpes by Yale Univer¬ 
sity on June 2] ineluded the doctorate of science on 
Dr. Ernest William Brown, Josiah Willard Gibbs 
professor of mathematics emeritus at the university, 
and on Dr. Alfred Newton Richards, prof€>ssor of 
pharmacology at the University of Pennsylvania, 
The doctorate of laws was conferred on Dr. Hugh S, 
(hnnming, Surgeon-General of the United States. The 
degree of master of science was conferred on Dr. 
William Hosw’orth Castle, assistant professor of medi¬ 
cine, Thorndike Memorial Foundation, and Boston 
City Hospital; on Lincoln Ellsworth, New York City, 
explorer, and on Dr. Alfred Lee Loomis, physicist, 
director of the Loomis Ijaboratories. 

Candidates for the honorary degrees were cited by 
Professor William Lyon Piielps, while the degrees 
were conferred by Dr. Angell, 

The citi.tions made in conferring the degrees on 
Professor Brown, Professor Richards and Surgeon- 
General Cummuig were as follows: 

ALFRED NEWTON RICHARDS, SC.D. 

Frofeasor Phclpit: Professor of pharmacology, Umver- 
aity of Poniisylvanui. Dr. Richards took his B.A. and 
M.A. at Yale, and began his career in the Sheffield Scien¬ 
tific School Laboratory of Professor CTiittendon. Then 
ho taught at Columbia, later at Nortlmestern, and in 
1910 was made professor at Peiiiisylvania. During the 
World War he was attache<l to the staff of the British 
Medical Research Commit toe. In connection with the 
wide-spread studios of shock he made outstanding ob¬ 
servations regarding tho occurrence of histamine in 
minute quantities in the organism and its relation to 
the behavior of the blood vessels. More recently he has 
highly developed a unique field of research in regard to 
kidney function. He has trp,ined many competent in¬ 
vestigators, the publications coming from his laboratory 
being highly important. For many years he has been a 
guiding influence in tho development of academic medi¬ 
cine in Philadelphia. Here is a man whoso researches 
have added to organiKed knowledge and to the welfare 
of mankind. 

Dr, Angell: Distinguished investigator in a most diffi¬ 
cult and important field, inventor therein of delicate and 
invaluable techniques, a recognised leader in your special 
department of research, your alma mater, proud of your 
a45coinpliflhment8, confers upon you the degree of Doctor 
of Science and admits you to all its rights and privileges. 
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KENK8T WlhUAU BEOWK^ SO.D. 

Prof^s»or Pkelpa: Professor Browa was born at Hull, 
England, and received in 1887 his B.A. degree at Christ’s 
College, Cambridge, where two centuries earlier an En¬ 
glish poet paid a compliment to Galileo, Professor 
Brown has won many prizes and is a member of learned 
societies in America and abroad. In 1891 he became pro¬ 
fessor of mathematics at Haverford, where he remained 
until 1907, when he was called to Yale. He became pro¬ 
fessor emeritus in 1932. His publications on lunar 
theory and celestial mechanics have given him an inter¬ 
national reputation and have added to the glory of Yale. 
His Tables on the Motion of the Moon is a monumental 
work and has brought him a blizzard of degrees, medals, 
prizes and honors. He is an excellent chess player and 
an amateur humorist of high reputation. In his youth 
he expected to be a concert pianist, but later took up the 
music of the spheres. His versatility is additionally 
shown iu that, although ho is a specialist on the moon, 
in the year 1925 in the city of New Haven he arranged 
a personally conducted total eeUpso of the sun. 

Dr. Angell: In grateful and affectionate acknowledg¬ 
ment of the luster slied upon her by your brilliant scien¬ 
tific achievement during a long and distinguished service 
on her faculty, Yale University gladly confers upon you 
the degree of Doctor of Science, admitting you to all its 
rights and privileges. 

HUGH SMITH GUMMING, LUO. 

Profeitior Phelpa: Bom in Virginia, taking his degree 
of Doctor of Medicine at the University of Virginia, Dr. 
Oumming was appointed Assistant Surgeon in the United 
States Public Health Service in 1894, and became Sur¬ 
geon-General in 1920. In earlier years he made creditable 
contributions in the field of public health research, par¬ 
ticularly in regard to the sanitary conditions of the shell¬ 
fish industry, but his finest achievements have been dur¬ 
ing the last thirteen years, iu the administration of 
Public Health Service. When he took control it was a 
rather undistinguished organization; he gradually trans¬ 
formed it into an institution of which our country is 
proud, an institution equalled perhaps in no other coun¬ 
try except England. Benchwarmers have been progres¬ 
sively lifted and their places taken by able investigators, 
with the result that during tho last five or six years sub¬ 
stantial and far-reaching contributions have been made 
in the study of such nutritional diseases as beriberi, in 
the investigation of tularemia, Bocky Mountain spotted 
fever and endemic typhus; in studies on silicosis, and 
other aspects of industrial hygiene; also in the field of 
pure science, where researches in the chemical composi¬ 
tion of sugars have attracted attention. All these tech- 


^nical remarks ^mply mean that Dr. Oumming is a first- 
rate citizen. 

Dr. Angell; Eminent representative of a noble profes¬ 
sion, essential architect and builder of the PubUe Hoaith 
Service of the United States, everywhere recognised as 
one of the most beneficent of all agencies dedicated to 
the public weal, in grateful recognition of the intelli¬ 
gence, devotion and skill which you have brought to your 
duties, Yale University confers upon you the degree of 
Doctor of Laws, admitting you to all its rights and privi¬ 
leges. 

THE CHICAGO MEETING 

Th£ notable meeting of the American Aesoeiation 
for the Advancement of Science and the aasooiated 
societies, which opened iu Chicago on June 19 and 
continues to June 30, will be fully reported in Soi- 
EMCK. The meeting was held on the invitation of the 
Century of Progress Exposition, which, together with 
the American Association, invited as guests a number 
of the most distinguished foreign men of sdenee. 
Those who accepted the invitation and took part iB 
the general sessions and conferences are the follow-^ 
ing: 

Otto Appel, Agriculture, Berlin 

P. W. Aston, Chemistry, Cambridge 

Joseph BAaoaorr, Physiology, Cambridge 

A. Mendelssohn Babtholov, Political Science, Hamburg 

Jakob Bjerknes, Meteorology, Bergen 

KiBLS Bohr, Physics, Copenhagen 

JTlippo Botfaezi, Physiology, Naples 

LUDWio Diels, Botany, Berlin 

Jean DurBiNor, Agriculture, Prance 

Leopold Pej^r, MathomaHcs, Budapest 

Enrico Pebmi, Physics, Borne 

A. P. M. Plemino, Engineering, Manchester 

B. Goldschmidt, Zoology, Berlin 
Herbert J. Gough, Engineering) London 
Sis Daniel Hall, Agriculture, London 

A, V. Hill, Physiology, London 

C. U. A. Kappers, Anthropology and Physiology^ Am¬ 
sterdam 

WOLPGANO Eoehlee, Psychology, Berlin 
August Krooh, Zoology, Oopen^en 
TULUO Levi-Oivita, Mathematlos, Rome 
Emiuo Misa, Psychology, Barcelona 
William Oualid, Political Economy, Paris 
Heksi Pibbon, Pi^ohology, Paris 
J. J. Bedxrholm, Geology, Helsingfon 
Cbaelss E. Bfeasman, Psychology, London 
T. Bvicdberg, Chemistry, Upsala 

B. J. Tixa^tard, Entomology and Paleontology, AustraUa 


SCIENTIFIC NOTES AND NEWS 

Dk. Harvey Cdshino, who recently retired as necrology at Tale Univeraity. The diiir Bap 
Moseley professor of surgery at Harvard UnivPrsity founded tbroggli a gift of |900|<^ from Oa MvtP bt 
and surgeon-in-ohief at the Peter Bent Brigham Hos- 3ohn W. Sterling. > ^ 

pital, has been appointed first Steriing professor of . Ha. Jaxaa FEArTOK, piodtemot bl jAjWHb ai ab( 
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University of Gottingen, who refused the offer o£ the 
Kaei government to let him retain his position there, 
has been appointed for the coming academic year 
Speyer guest professor at the Johns Hopkins Uni¬ 
versity* 

At the eommencement exercises at Harvard Univer¬ 
sity the degree of doctor of science was conferred on 
Professor Harlow Shapley, director of the Harvard 
College Observatory, and on Dr. George David Birk- 
hoff, professor of mathematics. In conferring these 
degrees, President Lowell made the following cita¬ 
tions: “Harlow Shapley—An astronomer of renown, 
whose spint, searching for the center of the universe 
and the nature of the ultra-galactic nebulae, chafes at 
observing only from this paltry planet.” “George 
David Birkhoff—First in our land among masters of 
mathematics, that groat tool of science; greater still 
in the realm of pure imagination.” 

At the commencement exercises at the University of 
Pennsylvania the degree of doctor of science was con¬ 
ferred on Professor Charles W. Burr, of the Gradu¬ 
ate School of Medicine. 

The doctorate of science has been conferred by 
Brown University on Professor Harlow Shapley, di¬ 
rector of the Harvard College Observatory, and on 
the late Frederic P. Gorham, at the time of his death 
chairman of the department of biology at the uni¬ 
versity. 

Da. HfiaBERT S. Jenkinqs, director of the zoolog¬ 
ical laboratory of the Johns Hopkins University, re¬ 
ceived the degree of doctor of science at the oom- 
menoement exercises of Oberlin CoUege* 

The honorary degree of doctor of science was con¬ 
ferred by the Ohio State University at its oommence- 
men^ on June 12, on Dr. Edward Francis, of the 
National Institute of Health, Washington, D. C. 

Sm WinsuD TaouAsoif Grenfell delivered the 
OommenoemezU address at the ninety-sixth commence¬ 
ment of the Vinversity of Louisville on the evening 
of June 6. The honorary degree of doctor of science 
was conferred upon him by the university. 

Ds. C. U. Ame^b KamiRS, director of the Zentral 
Inetitat fdr fi^foreahung at Amsterdam, received 
tile honorary degree of doctor of laws from the 
(Mikgo Metical Seboed, at its eighteenth annual oom- 
menesement, in recognition of his work in neuro- 
peyehia^. 

Ibt A, A. BiENidcmm-PtCHuat, of the department 
^ W«Bhii)gton Square Ccdlege, New York 

received the Fregl Frizc* awarded an- 
atui^ 1by ^ Tienaa Aeademy of Bci^uae for die* 
work hs microdienustxy. 


Dr. Robert P. Biqklow, professor of zoology at 
the Massachusetts Institute of Technology, who has 
been connected with the institute since 1893, retires 
at the end of the academic year with the title pro¬ 
fessor emeritus. He will be an honorary lecturer at 
the institute next year. 

Dr. Charles H. Richardson, for more than 
twenty-five years professor of mineralogy and head 
of the department at Syracuse University, has retired 
with the title of professor emeritus of mineralogy. 
He will continue as director of the natural science 
museum and will give part of the time to lecturing 
at the university. On June 19 he received the honor¬ 
ary degree of doctor of science from Norwich Uni¬ 
versity, Northfield, Vermont. 

Sir Arthur Keith, who has been for twenty-five 
years conservator of the museum and Hunterian lec¬ 
turer of the Royal College of Surgeons, will shortly 
retire, but will continue his connection with the col¬ 
lege. He will have charge of the two laboratories 
of the college, recently built at Down, in Kent, where 
Charles Darwin lived. They are endowed by Sir 
Buckston Browne and are for experimental work in 
surgery. Sir Arthur will supervise the work of young 
surgeons who will live and work in Down. 

Dr. E. Mellanby, professor of pharmacology at 
the University of Sheffield, has resigned. 

Dr. G. lA. Clark, lecturer in physiology at the 
University of Sheffield, has been promoted to a pro¬ 
fessorship in succession to Professor J. B, Loathes. 

At a meeting of the court of the University of St, 
Andrews on June 2, John Anderson was appointed 
professor of surgery in succession to the late Pro¬ 
fessor L. Turton Price. 

At the annual meeting of the New Orleans Acad¬ 
emy of Sciences, the following officers were elected: 
Robert Gleuk, curator, Louisiana State Museum, pres¬ 
ident; H. H. Beard, Ph.D., biological chemist, Louis¬ 
iana State University Medical Center, first vice-presi¬ 
dent; E. C. Faust, M.D., parasitologist, Tulane Uni¬ 
versity, second vice-president; E. L. Demmon, chief, 
U. S. Forest Experiment Station, secretary, and Dr. 
D. 6. Elliott, dean of the department of phymes, Tu¬ 
lane University, treasurer. 

Oeficbrs of the Minnesota chapter of Sigma Xi for 
the eoming year are as follows: President, Dr. Samuel 
C. Lind; Vice-president, Dr. Frederic K. Butters; 
Secretary, Dr, Frederick B. Hutt; rr^asurer, Dr. 
George A. Thiel; Board of Electors, Dr. John E. An- 
dersoh, Dr. C. H. Bailey, Dr. Charles A. Mann and 
Dr. Owen Wangensteen. 

At Syracuse University on May 29, Sigma Pi 



624 


SCIENCE 


VoL. 77, No* 


Sigma, honorary physics fraternity, installed its 
twenty-sixth chapter when twenty students, alumni 
and faculty members were initiated into the society as 
the Alpha-Beta Chapter. The installing officers were: 
Dr. Marsh W. White, Pennsylvania State College, 
ejcecutive secretary^ and (j. D. Collins, Coniell Univer¬ 
sity, national rice-preyidcnt. The ionnal installation 
was followed by a dinner at the University Inn, in 
honor of the installing officers, visiting members of 
Sigma Pi Sigma and administrative officers of the 
university. After brief speeches by Dr. Royal A. 
Porter, head of the physics department at Syracuse, 
and others, Dr. White delivered an address on ^‘New 
Frontiers in Contemporary Physics.” 

The Textile P’oundation has authorized a survey 
into the personnel and facilities for textile education. 
A committee consisting of Dr. Karl T. Compton, pres¬ 
ident of Massachusetts Institute of Technology, E. C. 
Brooks, president of North Carolina State College, 
and H. E. Doherty, dean of tlie School of Engineer¬ 
ing, Yale University, has been appointed to inquire 
into the possibility of such a survey, and upon their 
recommendation the work will begin. 

The appointment of an advisory committee on 
sanitation to serve the Baltimore Health Department, 
especially on matters of envaxinmontal hygiene, has 
been announced. Dr. William H. Howell, director 
emeritus of the Johns Hopkins School of Hygiene 
and Public Health, is chairman of the committee. 
Wilmer H. Schulze, who since 1929 has been chief 
of the division of chemical technology, was made 
director of the new bureau of environmental hygiene 
in the health department. 

Dr. Gleknon GUinov, associate professor of soil 
mechanics in the department of civil engineering at 
the Massachusetts Institute of Technology, has sailed 
for Copenhagen, where he will attend tJie sessions of 
the World Power Conference as a delegate of the 
United States. The conference opened in Copen¬ 
hagen on June 26, continues in Stockholm from June 
28 to July 6 and will end in Oslo on July 8. 

Colonel Charles F. Craig, of the Department of 
Tropical Medicine, Tulane University, spoke on “The 
Factors Influencing the Transmission of the Malarial 
Fevers” at the recent meeting of the New Orleans 
Academy of Science. 

After completing a senes of lectures at the Uni¬ 
versity of Loudon in May, Professor William K. 
Gregory gave a lecture on June 6 at the University 
of Oxford on “The Evolution of Jaws and Teeth in 
Primates.” Dr. Gregory has now returned to the 
United States. 

Tub annual Boyle lecture of the Junior Scieutidc 
Club at the University of Oxford was delivered on 


June 2 by Lord Rutherford, who took as his subject 
“The Artificial Transmutation of the Elements.” 

The fifth congress of the International Society of 
Urology will be held at the Royal Society of Medicine, 
lA>ndon, from July 10 to 15, under the presidency of 
Sir John Thomson-Walker. 

The fifteenth annual irie^eting of the American So¬ 
ciety of Mamnialogists was held at the Biological In¬ 
stitute of Harvard University, from May 9 to May 
Sixty-six members were present from ten states and 
one Canadian province. Forty-one papers were pre¬ 
sented. Several resolutions were passed, among them 
one urging that the black bear be taken off of the 
bounty list in New Hampshire, and another strcfts- 
ing the importance of preserving the elk herd m the 
Olympic Mountains. The officers elected for the 
coming year were; l^remdent, Vernon Bailey; We- 
presidents, T. S. Palmer, H. E. Anthony; Mecording 
Secretary, Robert K. Enders; Corresponding 5ecr<j- 
tary^ Robert T. Ilatt; Treasurer, Mrs. Viola S. Sny¬ 
der; Directors, class of 1932-1935, Joseph Grinnell, 
A, Brazier Howell, Remington Kellogg, W. B. Saun¬ 
ders, Harold Coolidge, Jr. Edward A. Preble con¬ 
tinues as chairman of the editorial board in charge 
of The Journal of Mammalogy. The next annual 
meeting will be held at the American Museum of Nat¬ 
ural History in New York City. 

The United States Civil Service Commission has 
announced open competitive examinations for the 
positions of senior highway construction supervisor, 
salary $4,600 to $5,400; senior highway design engi¬ 
neer, salary $4,600 to $5,400,^ both with the Bureau 
of Public Roads, Department of Agriculture, Wash¬ 
ington, D. C.; junior park naturalist, Department of 
the Interior, salary $2,000 a year. The salaries carry 
a provision for a 35 per cent, reduction as a measure 
of economy and a 3i per cent, deduction for retire¬ 
ment. 

More than $2,000,000 has been bequeathed to the 
University of Chicago by the late W. G. Zoller to 
establish and maintain a free dental dispensary, ac¬ 
cording to the Chicago Tribune. The income will be 
used by the university “for the purpose of equip¬ 
ping and maintaining dispensaries and laboratories 
and to supply competent and skilful dental service, 
including diagnostic aids to the needy and poor, 
free of charge, in such manner that the greatest 
number of people may secure skilful treatment to 
enable them to be relieved, and to prevent the numer¬ 
ous ills which result from neglect of the teeth.” 

Wb learn from the Jou/mal of the American Medi¬ 
cal Association that ceremonies were held on April. 
21 dedicating the George Eastman Dental Clinic at 
Borne, a gift to the Italian government from the late 
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Mr. Eastman, of Rochester, New York. Harvey J. 
Burkhart, D.D.S., director of the Rochester Dental 
Dispensary, founded by Mr. Eastman, formally pre¬ 
sented the building to the government and Dr. 
Amedeo Pema, director of the new institution, ac¬ 
cepted it. A bust of Mr. Eastman, presented to the 
clinic by Italian citizens of Rochester, w3s unveiled 
by Mrs. Burkhart, following an address by Dr. Joseph 
Carlucci, Rochester. The Honorable John W. Gar¬ 
rett, ambassador from the United States to Italy, read 
a cable of congratulation from President Roosevelt. 
Premier Mussolini inspected the building during the 
day. The Rome clinic is the second of five dental 
clinics in European cities for which Mr. Eastman set 
aside gifts of $1,000,000 each. The first was opened 
in Ijondon two years ago. The corner-stone for the 
third, in iStockholm, was laid on April 29, at eere- 
manies in which the crown prince and princess of 
Sweden and Dr. and Mrs. Burkhart participated. Tt 
IS expected that this clinic will be finished by Septeiri- 
ber, 1934, and that the corner-stones for similar build¬ 
ings in Paris and Brussels will be laid this autumn. 

The Journal of the American Medical Association 
reports that the All-Tndia Institute of Hygiene and 
Public Health, Calcutta, a gift of the Rockefeller 
Foundation to the government of India, was opened 
recently; addresses were made by Sir John Anderson, 
governor of Bengal, and Lieut. Col. Alexander D. 
Stewart, director of tlie institute. The school will Iw 
operated in cooperation with the Calcutta School of 
Tropical Medicine, where basic subjects will continue 
to be taught, while the institute deals purely with 
public health subjects related to Indian requirements. 
It will later be affiliated with the University of Cal¬ 
cutta, through which a doctorate in public health will 
be offered. The building, which harmonizes with the 
school of tropical medicine, has four stories, with 
facilities for teaching, laboratory work and lecture.s. 
A number of rooms will be artificially cooled. 


The Franklin Institute of Philadelphia, on May 17, 
1933, conferred a John Price Wetherill Medal on The 
Koppers Co., Pittsburgh, ‘*in consideration of the de¬ 
velopment of systems for the liquid purification of 
gases, the success of which is evidenced by the number 
of such installations in regular useThe Kopperfe 
Research Department, working at the Mellon Insti¬ 
tute and at the company's plants, developed a purifi¬ 
cation process using a liquid absorber. In this process 
the hydrogen sulfide is first absorbed, and then re¬ 
moved from the absorbing solution by activation lyith 
air. This air, containing the hydrogen sulMe, is 
either discharged into the atmosphere or utilized 
through combustion in boilers, gas producers, or coke 
ovens. Later modifications were made in the process 
whereby sulfur could be recovered from the hydrogen 
sulfide. 

According to press rc'ports Colonel Charles A, 
Lindbergh, technical adviser to the Pan-American 
Airways System, may take charge of survey flying 
in Greenland and Iceland this .summer. Juan T. 
Trippe, president of the system, states that an ex¬ 
pedition would carry on further studies of the 
northern transatlantic flying route. If it is possible 
for him to be away, Colonel Lindbergh may later 
join the expedition by plane. A chartered vessel, the 
S. S, Jelling, of 3,500 tons, will carry a technical 
staff headed by Major Robert A. Logan, of the air¬ 
line, to Labrador and Greenland. It will have on 
board equipment for meteorological study, including 
an airplane. The vessel will also serve as a base 
for the expedition. The expedition aims to supple¬ 
ment tins data on the route already assembled. The 
work is being carried on in association with European 
international airlines, including Imperial Airways and 
the French Aeropostale. It is planned that an air¬ 
plane, flying from New York, shall join the expedi¬ 
tion later in the summer to carry out special surveys 
and photographic work. 


DISCUSSION 


A GRAND MASTER KEY TO BIOLOGICAL 
LITERATURE 

Biologt long sinoo has grown to unwieldy propor¬ 
tions and has split into several groups of more work¬ 
able size and presumably of greater community of 
interest. These groups in turn have undergone or 
are undeigoing a disintegration. At Atlantic City, 
for example, was held the first annual meeting of the 
Genetics Society of America with a program of 45 
papers. ^ A new Mycologioal Society of America 
emerged at the same time. Under the four headings 
of Agriotilture, Botany, Medical Sciences and Zoology, 
19 oiganisations held meetings at Atlantic City and 
in most of them simultaneous sessions were held to 


dispose of the mass of papers offered. Furthermore, 
the Atlantic City meeting was not one of the 
meetings, and many societies met elsewhere. Truly 
biology has spawned a diversified progeny and the 
end is not yet. 

Some of the new organizations indicate clearly the 
need for realignments—the old cleavage lines are now 
unnatural. This was recognized 18 years ago by the 
Ecologists and more than a year ago by the Geneti- 
cists* In other oases the need is extant, witness 
simultaneous sessions dealing with virus diseases in 
the Medical Sciences and in the Phytopathologioal 
Society, not to mention papers in three different 
societies dealing with problems of immunity. 
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The literature of biology ie a relatively permanent 
thing. It will be eaitant long after the eoientist and 
his presentation at the ^'annual meeting’’ are gone and 
all but forgotten. This literature unfortunately ap- 
pears in a much greater variety of places than the 
fairly large number of societies would indicate, even 
after multiplying that number by the number of 
nations in which scholarly work is being done. In 
fact, over 5,000 serial publications are examined for 
biological publications by the corps of workers of 
Biological Abstracts. Little wonder that a worker in 
some narrow held of biology hesitates to comment on 
biology in general or on work in some other cubicle 
of the science. For some of these cubicles workable 
keys to the literature exist, but for some others there 
is no key or the keys have become rusty or are either 
temporarily misplaced or perhaps lost. Biologists 
have not been unmindful of the confusion that exists 
and for several years "past have been trying to do 
something to improve the situation. The monthly 
accretions of Biological Abstracts only serve to in¬ 
tensify and emphasize the necessity for a grand mas¬ 
ter key. Most fortunately it now appears that the 
key is going to be available to any one who wishes it. 
Dr. MoClung’s modest announcement in Scikkcs of 
May 27, 1932, indicated that support had been found 
for the publication of indexes, and the appearance of 
the index for volume 2 of Biological Abstracts in 
December with the promise of an index for volume 
3 within a few months is tangible evidence that this 
most important need of biology is going to be met. 

Ordinarily an index volume can be inserted at its 
proper place in a hie to be examined when needed. 
A volume which is to form a part of the grand master 
key to recent biological literature is worth examining 
most critically. Is it really going to workT The 
undersigned, of course, can apply the test only in a 
limited way, but it is’^asy to see that the index to 
the biological literature of the year 1928 makes a 
volume of nearly 500 pages, pages the same size as 
the one on which these words are printed, six point 
type, the first quarter with four columns to the page 
and the remaining three quarters with three columns 
to the page. Truly, there are a large number of 
references here, an almost unbdievably large number, 
but in the very first line the oonsnitant is reminded 
that “this volume covers only a part of the literature 
published in the period during which the volume was 
issued. Succeeding volumes . . . must be con¬ 
sulted. ...” As one reads on for four pages it 
becomes evident that the compilers of the volume are 
biologists, that they speak in terms readily undetBtood 
by \hw oowoxkers, that the problems of making a 
useful index have been studied most carefuUy. Upon 
glancing through the four pages pt “introductory 


guide to the indexes” it becomes apparent that they 
are pages to be read again. One needs to understand 
exactly what is said here in order to appreciate how 
ambitious is the pretension of these index makers. 
It sounds almost too good to be true. Even the 
mechanics of construction and composition of such a 
table will arouse the curiosity of the editorially 
minded. 

But the proof of the genuineness of this master 
key lies in the actual tests. Does it actually turn the 
look of this cubicle and thatt The writer has made 
some tests in a field with which he is familiar. Of 
course, an author index is largely a matter of alpha¬ 
bet, but in this index each joint or junior author rates 
a full entry with his name in boldface type. The 
most notable thing about the subject index is the fact 
that the words in common usage by woi^ers appear 
there in proper alphabetic sequence. There is no 
necessity to speenlate about the system of logic em¬ 
ployed by the compilers. Generous use is made of 
“see also” and “see under.” The Systmnatist doubt¬ 
less will be pleased with the separate systematic 
index, but this index is also made useful to those who 
are only mildly ooncemed with syatematies. Each 
generic name in the subject index is set in italics and 
is followed by a reference to the systematic index. 
By turning to the systematic index one is able to 
orient himself qnickly, and he can find there the 
names of organisms in closely related genera. Fur¬ 
thermore, there is a geographical index and a geologic 
cal index to paleontological material By a judimous 
and intelligent use of the whole index it is poasible 
to oull out from the index alone the papers that might 
have interest. The abstracts may be consulted then 
to find out more about the original papers. 

It is to be noted that the subject index is based 
upon an analysis of the abstract and not mer^ tihe 
title. The master key goes no farther than the 
street, but there is increasing evidence that the title 
“grand master key” is about to be justified. The 
number of abstraeta prepared by the authors them¬ 
selves appears to be increasing from volume to voL 
ume and what is even more important the quality of 
the abstract is pomtively improving. CoQatmrators 
are learning hy experience how to prepare the most 
useful kind of abstract. In one test ease pursued l;^ 
the writer it was found that an antbot abstract 
actually more useful than the original ^pcg. 3^ 
original is a long, intricate account of expmiiii^ 
and deductions. The iduttraet is a thort eoun^ 0 ^ 
ment of results prepared by an author in 
acenraoy and integrity a personal aequiinta^ at 
least, places absolute eonfidenoe. This rngge^ 
dentally, that if a Ikutfs^on hid hm itn^ r 

posed by the ^tor of the research 
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mdaU^ original might have resulted* Biologists 
geserBlly are moat assuredly under great obligation 
to the editors who are eonstruoting this grand master 
key to our literature, and especially are they indebted 
to the Bockefeller Foundation, which through its sup¬ 
port is making this fine work possible. It is indeed 
encouraging that a great foundation recognises the 
fundamental importance of such instruments in the 
progress of science, especially with the increasing 
complexity of the literature, and is facilitating their 
development through a broad program of support. 
Few opportunities present themselves where limited 
funds accomplish so much for the general welfare of 
the science. 

DOKAXiD BeDDICK 

Cobkkll IJNivxaaiTT 

SWARMING AND MATING OF ANTS 

Vabiovb kinds of ants are present on lawns in Co¬ 
lumbia, Missouri, including large black and brown 
forms measuring about 1 cm in length and the 
smaller ones 2 to 5 mm. For 30 years it has been 
observed that they swarm between Ai:gu8t 15 and 
20 each year, the average date being near the 20th. 
This nsnally takes place about 4 o’clock in the after¬ 
noon and it has frequently happened that the swarm¬ 
ing has occurred following xiain the previous night or 
forenoon. All varieties swarm at this time, and the 
start, heralded by the expulsion of the queens to 
the surface of the ground, is remarkably simultaneous 
between the different oolonies. Once started, within 
the spaoe of a few minutes, the surface of the ground 
for a foot or more surrounding the comparatively in- 
eonspicuouB nest, as judged by the entrance or chim¬ 
ney, is occupied by scores or hundreds of queens, 
ea^ queen being in charge of several workers who 
groom her for her flight. Intermingled with the 
qacens and workers are many male ants nervously 
darting about. Soon after the first queens are ex- 
pdded from the ohimney by workers pushing and 
pulliii|^--the igrooming process is eompleted and she 
tikes wing, likowise the male ants take wing. At 
varying Stances the queens alight, as do also the 
mates, but no Ipdividua) queen is followed by males. 
Aft«r alighting the quean mounts tiome object as a 
of gtass where she is found by a male and the 
mdinig procese is accomplished in a minute or two 
and the departs. After a short interval of 

^uiescance the female beeomes nervously active and in 
a ki^ltte qr two while elinging to a blade of grass or 
^sMar <^oet-*-by means of her legs she detaohea 
bar urinp. |itmediately she descends to the ground 
and W^ddty seardiM for a place to begin burrowing. 
Xn avnra^ps case this is aecomplidied in a very 
tW imd siarls a tunnel for a new colony. 


In sise the male is much smaller, while the queens 
are many times larger than the ordinary worker. 

Last August while observing a small colony of 
smaU brown ants possessing not more than a dozen 
queens, which had just been removed to the surface 
and were being groomed for flight, a large black 
worker ant joined the group—^whether by accident or 
design not being apparent—and instantly a remark¬ 
able change in the colony’s activities occurred. The 
queens instantly were seized by several workers and 
rushed underground, while a mob of other workers 
attacked the intruder, literally overwhelming it, al« 
most concealing its body. Within less than a minute 
it was stretched flat with the earth—each appendage, 
as the limbs, being grasped near the end by an ant 
which in tnm was grasped posteriorly by another 
ant which in turn was similarly grasped by another 
ant, so that each limb was stretched by three or more, 

^ * I 

ants which formed radiating lines from the victim’s 
body. Within another minute apparently the victim 
was dead or rendered harmless, for all but two or 
three workers abandoned the carcass and retired to 
the colony, which at this time showed little evidences 
of activity, the only inhabitants on the surface be¬ 
ing the two or three workers engaged in dragging 
the carcass to the entrance of the colony. The epi¬ 
sode was a miniature, but thrilling enactment, with 
exaggerated ferocity, of Gulliver’s experience in 
Tiilliput. ^ ^ Guthrie 

UNiTXRsm' or PirrsBUBOH 

GOITER PREVENTION WITH POOD PLANTS 
GROWN ON IODIZED SOIL 

Bkauhont and Kams^ have recently published 
analyses indicating that the iodine content of turnips 
can be increased by the application of potassium 
iodide to the soil. “The iodide-treated plants con¬ 
tained 441 and fi50 parts per billion of iodine in the 
roots and tops, respectively, against 166 and 441 ports 
in chloride-treated plots.” 

In connection with this “large relative increase in 
iodine content” the authors raise the question as to 
^‘whether these quantities of iodine in food have 
therapeutic value.” 

The answer to this question is of considerable prac¬ 
tical interest, in view of the<'well-recognized patho¬ 
logic changes in the thyroid gland dependent upon a 
deficiency of iodine in the soil of certain rather ex¬ 
tensive repons of the United States sometimes called 
the ^^goiter zones.” 

A aigoifleant contribution concerning the prophy- 
iaetie value of iodide fertilization of the soil is the 
exteoudve study carried on by H. Hunziker,* in Swit- 

lA^ B. Beaumont and (jko. M. Karns, SoiaKOE, 76: 
667, 1382. 

«H. Hmudker, gchtceis. 46: 2, 1220, 



628 


8CISNCE 


VOL, 77, NO. 2009 


zerland, a country where thyroid pathology consti¬ 
tutes a national problem. 

In a preliminary field experiment Hunziker de¬ 
termined (1916) that application of a small amount 
of iodide of potassium to the soil did not affect the 
yield of grass unfavorably. 

During the following 3 years (1917 to 1919 in¬ 
clusive) iodide of potassium was added to the fer¬ 
tilizer used for the garden from which Dr. Hunziker^s 
family was supplied with such vegetables as spinach, 
rhubarb, cabbage, lettuce, beans, etc. (In 1918 the 
{jniount of K1 applied to the soil was 17 grams to 
1,200 square-meters; in 1919 about 20 grams to the 
same area.) The iodized vegetables were served to 
his 5 children (2 boys, 3 girls) ranging in age, at the 
beginning of the experiment, from 3 to 8 years. 

As a control 5 children (2 boys, 3 girls, from 7 to 
12 years old) from another family were supplied 
with vegetables raised on soil which was not iodized. 

Hunziker's graphs of the measurements of the cir¬ 
cumference of the neck in the thyroid region show 
plainly the influence of the iodized vegetables on the 
growth of the thyroid gland. (For the exact mode 
of the measurements and for the construction of the 
graph 1 refer the reader to HunzikeFs publication.*) 

The effect of the iodine deficiency of the food was 
so decided that m July, 1919, after the expenment 
had lasted 2i years, the oldest girl of the non-iodized 
food-group asked that she be treated for a rapidly 
enlarging struma. 

HunzikeFs results are corroborated by the findings 
of von Fellenborg,^ in Switzerland, and of McClendon 
and Hathaway,* in the United States. According to 
these authors the development of goiter may be pre¬ 
vented in goitrous zones by administering food-plants 
raised in goiter-free regions. 

Hunziker did not determine the amount of iodine 
in his vegetables which prevented goiter formation 
in his children, but McClendon and Hathaway state 
that 1 part of sodium iodide in 100,000,000 parts of 
water suffices for this purpose. 

It is of historic interest in this connection that in 
1860 a commission appointed by the Academy of 
Science in Paris refused to concur in A. ChatinV 
conclusion that deficiency of 1/400 milligitim of iodine 
pro die might result in goiter development. 

I would like to add that Dr, Hunziker carries oc 
his investigations of the goiter problem, while en¬ 
gaged in an active and arduous medical practise in a 
small country town. Fifteen publications dealing 
with various aspects of the problem attest his zeal. 

8 von Pellenberg, Biockein, Ziechr., 142: 246, 1923. 

♦ McClendon and Hathaway, Jour. Am, Med. Assn., 82: 
1668, 1024. 

8 A. Chatin, Coinp(. rend. Aeadem. d. Sciences, 80: 82, 
1860. 


Being on the subject of iodized alimentation (un¬ 
der which heading I include the ingestion of the con¬ 
diment, iodized salt) I take oocasion to mention an 
observation gathered in the field of my speeialiatic 
medical endeavor, that is to say, dermatology. I re¬ 
fer to the phenomenon that, due to an existing idio¬ 
syncrasy or a developing sensitization (allergy t), the 
administration of even such minute quantities of 
iodine as are needed for goiter prophylaxis may be 
followed, in certain individuals, by a follicular erup¬ 
tion of pustular character. Etiologically, these 
cutaneous lesions must bo differentiated from the 
juvenile form of acne, which they resemble. Iodide 
acne seems to occur more frequently since our drink¬ 
ing water is chlorinated, a circumstance which is not 
surprising, as all the halogens act as follicular irri¬ 
tants (“poisons dcs follicules,'^ according to Thi- 
bierge). 

Karl G. Zwick 

Cincinnati, Ohio 

A BACTERIAL GALL DISEASE OF THE 
DOUGLAS FIR 

A GALL disease of the twigs and stems of the Doug¬ 
las Fir {Paeudotsuga taxifoUa Doug.) has been 
observed quite commonly in parts of Napa, Lake, 
Santa Cruz, Amador and Siskiyou Counties in Cali¬ 
fornia, in marginal localities for the growth of this 
tree. Infection apparently takes place only on 
younger trees (about 3 to 15 years old), more abun¬ 
dantly in stands of thrifty, crowded and shaded re¬ 
production. Galls once started on the main stem 
may continue to live and increase in size for many 
years. Young trees are sometimes killed by the dis¬ 
ease or may have dead tops (spike top) due to 
girdling by a gall. 

The galls are globular in shape, varying in size 
from a pin head to several inches in diameter, with 
a rough, spongy, fissured surface breaking out in 
typical, more or less cross-shaped patterns. The gall 
is composed of hypertrophied tissues, involving both 
stele and cortex, and is very similar in struoture to 
the olive tree galls produced by the baoterial patho- 
gene Bacterium savastanoi E. F. S* 

The causal organism occurs in and among the 
hypertrophied gall cells and is very easily isolated 
in pure cultures. It is a non-moiile rod averaging 
1.9-3.9 X 0.5-1.5 |A, frequently ooouTring in pairs. 
The colony is white with a metalUo sheen, rather 
smooth surface and undulate margin. 

Inoculation of Che twigs of Douglas Fir trees with 
this organism gave rise to typical galls from which 
the organism was again isolai^. 

H. N. Hakszk 
Ralph E. Sxxth 

UmVBBSITT or OaLITOEKIA, BZaKZLZY 
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QUOTATIONS 


ACADEMIC ASSISTANCE 

Under the name of the Academic Assistance Coun¬ 
cil a number of men and women of high distinction 
have banded themselves together in the interest of 
those university teachers on the Continent of Europe 
who have lately been deprived, on political grounds, 
of their poets and their livelihood. The appeal ad¬ 
dresses itself to an ancient and justly cherished En¬ 
glish tradition of tolerance. We are accustomed in 
this country to trust the free working of the intellect. 
We may claim that our trust is based, not on any un- 
derestimato of the disruptive power of thought, but 
upon a faith in the essential soundness of our own 
institutions, sufficient to be willing to submit them to 
the severest of tests without fear that anything will 
be dissolved away but that which is superfluous, un¬ 
worthy or outworn. That confidence comes only to a 
society that hae driven its roots verj' deep into his¬ 
tory; and the builders of self-consciously new polities 
do not possess it. Hence it comes that every revolu¬ 
tion makes martyrs in the homes of thought. This is 
no question of the rightness or wrongness of a politi¬ 
cal creed. Bolshevist, Fascist, Nazi—all alike have 
sent professors into exile. The claim of all the.se 
exiles upon the hospitality of Englishmen is in every 
case the same—not the claim of the anti-Bolshevist or 
the anti-Nazi, but simply that of the seeker after 
truth. 

The immediate need that the Academic Assistance 
Council seeks to meet is of course that of tho refugees 


from the present regime in Germany. The council 
has collected a long list of names. Many, but by no 
means all, are the names of Jewish scholars. That is 
clearly of importance to Herr Hitler; it is of none 
whatever to Englishmen. Here we are not concerned 
with whether a professor is Jew or Gentile, but 
whether he is to be bond or free—subservient to opin¬ 
ions imposed from above, or claiming the right of 
learning to follow whithersoever the argument may 
lead. In vindicating that essential liberty of the 
mind it is to be hoped that Great Britain will always 
be ready, not only with applause, but with the ma¬ 
terial help that is its corollary. British universities 
will no doubt be swift to offer harborage to our 
guests in such forms as will enable them to carry on 
their learned vocations. But universities are for the 
most part but inadequately endowed oven for their 
own necessities. Jtevereuce for ‘^humaner letters” is 
not confined to the ranks of professional scholarship, 
and all who feel that sentiment should respond to the 
appeal now made. This is not unproductive “char¬ 
ity.” It has been the experience of history that the 
persecution of learning has been the occasion of its 
special flourishing in the lands that have given it 
sanctuary. The Byzantine scholars dispersed by the 
Turks in 1463 sowed the seeds of the Renaissance in 
Western Europe, and thus repaid a hundredfold the 
}>atrons who befriended them. In some such manner 
we may expect value to be returned for the money 
which it is now proposed to collect —The London 
Times. 


REPORTS 


FIELD CONFERENCE OF PENNSYLVANIA 
GEOLOGISTS 

The third annual meeting of the Field Conference 
of Pennsylvania Geologists was held at Harrisbui^, 
Pennsylvania, over the week-end of May 27, 28 and 
29. The total attendance of about sixty members and 
guests included, besides Pennsylvanians, representa¬ 
tives of the profession from Maryland, New Jersey, 
New York, Vii^inia and West Virginia, The Penn¬ 
sylvania Topographic and Geologic Survey was host 
to the oonferenoe. The entire staff, consisting of 
George H. Ashley, chairman, Stanley H. Cathcart, 
Charles K. Graeber, William 0. Hickok, IV, Forrest 
T, Moyer, Marchant N. Shaffner, Ralph W. Stone 
and Bradford Willard, secretary, served as the local 
committee and planned and carried out the two and 
one*half day program, a brief summary of which 
follows. 


Those who arrived by Saturday noon, May 27, 
were given a choice of three trips. The first, under 
Mr. Graeber, went to the Cornwall iron mines and 
spent the afternoon there collecting minerals and 
studying the geology of this historic mining center. 
Dr. Hickok led a second trip, whose members, after 
a shorter visit to Cornwall, saw some of the Triassio 
igneous and sedimentary rocks near-by and certain 
metamorphic phases caused Triassic igneous in¬ 
trusions of the Triassic sediments and Lower Paleo¬ 
zoics. This trip concluded with a visit to the once 
famous but now abandoned brownstone quarries at 
Hummelstown. The third Saturday afternoon trip 
was in charge of Dr, Ashley. This party climbed 
Thir4 Mountain about ten miles north of Harrisburg 
to see the overturned synoline of Pottsville con¬ 
glomerate there exposed as the western tip of the 
Southern Anthracite Coal Field. This party also 
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observed important physio^aphie features of 
Susquehanna Valley region with particular reference 
to peneplanation. 

On Sunday, May 28, the whole corifer^oe Uhited 
for a srixty-iive mile tour of the Susquehanna and 
Juniata valleys. Dr. Willard was in charge of this 
excursion. The entire Paleozoic column from the 
Middle Ordovician through complete Silurian and 
Devonian exposures up to and including the Upper 
Mississippian was seen, Appalachian structures were 
observed, stratigraphic problems discussed and fos- 
siliferous localities visited. Dr. Ashley drew the 
attention of the party to points of physiographic 
interest and to the river terraces and gravels of 
Pleistocene or Recent ages. This trip covered in a 
more extended form the Middle and Upper Paleozoic 
section to be visited by the International Geological 
Congress next July on Trip 1-B. 

A choice of two trips was offered on Monday, May 
29. Mr. Stone and Dr. Hick ok led a party through 
portions of Cumberland and Adams counties where 
the chief interests were in economic geology including 
tile and ornamental stone works. Much also was 
seen of the Precambrian complex of South Mountain, 
and visits were made to certain ancient iron mines 


loug disuse. Simultaneously with the fore^ 

going, Dr. Willard conducted a second trip on Mbn* 
day. Observations on this toUr dealt entirely with 
stratigraphic problems. Those aelecti|i^ this excur¬ 
sion visited several Silurian sections in Perry County, 
paying particular attention to the Ordovioian-Silurian 
relations observable at points along Blue Mountain. 
The presence of Dr. Frank M. Swartz, of Pennsyl¬ 
vania State College, added greatly to the interest of 
the trip because of his thorough knowledge of the 
problems of the Silurian and the Helderberg, which 
he discussed at a number of localities. 

The annual dinner was held at the Hotel Harris- 
burger on Saturday evening. After the meal, fol¬ 
lowed a discussion of the local geology by members 
of the Survey staff. On Sunday evening informal 
gatherings took place at the residences of Dr. Ashley 
and Mr. Stone. During a brief business session after 
the dinner an invitation was extended to the confer¬ 
ence from its members residing in or near Pittsburgh 
to visit that area a year hence. The invitation was 
accepted by unanimous vote. The date for this meet¬ 
ing is tentatively set for the leist week-end in May, 

Bradford Willaiid 
Secretart/^Treasurer 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A SIMPLE STRING ELECTROSCOPE 

The instrument described below was developed 
while the authors were making a study of certain 
transient electrical phenomena. While there are in¬ 
struments in use that are similar in general to this 
one, its simplicity and ease of manipulation, together 
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Fig. 1 


with its general adaptability, seem to make a short 
account of it worth while. 

A A in Fig. 1 are parallel brass plates about 8 em 
long and 4 cm wide. They are mounted in the case 
of the instrument by the projecting rods as shown, so 
that the distance between them may be adjusted. 
These rods are supported by insulators of cast Bul^ 
fur,^ so that each plate is insulated from the case* 

B is a silvered glass fiber* approximately 12 em 
long hung midway between the plates from another 
sulfur insulator. It will be noted that the bottom end 
of the fiber is free. 

W is a window in the ease of the instrument Idtrough 
which the fiber may be viewed or its image projected. 

In visual work the fiber may be observed tbrougli a* 
low--powered microscope with a scale in the eyepie^ 
If the window is illuminated by a small arc, a riiatp 
shadow of the fiber on a bright field may be projected 

1 Cast sulfur has proven to be excellent tot this wotk. 
It Is inexpensive a^ ea^ shaped and its fiunda^Uiff 
value is high. It deteriorates with age, and Iniulatm 
made from it should be recast at Intervals 4 monm 
or a year. 

2 The use of glass Abera has been surprisingly satls^ 
factory. They are eiud^ and qnicikly made am 

last in service Indefittiteliy. 
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by i&eaius of a oylindrical lens, on a slit in front of a 
drtiin carrying a senaitiaod film* As the drum rotates 
the flha behind the slit is blackened, except where it 
is protected by the shadow of the fiber* Thus a record 
of the motion of the fiber may be made in the usual 
way. 

This instrument may bo used as a voltmeter and 
as an osciilograplL 

(1) When used as a voltmeter for constant difier- 
onces of potential the fiber may be connected to a dry 
cell battery of perhaps 200 volts, and the plates to 
the source to be measured. 

When so eonnooted (Pig. 1) the sensitivity may be 
varied by changing the distance between the plates 
and by changing the potential on the fiber. Pig. 2 



is a typical curve showing the relation between sensi¬ 
tivity in mm of deflection per volt and fiber potential 
in volts. The sensitivity through a wide range is 
very evenly proportional to the potential gradient of 
the field between the plates. With properly chosen 
fibers the sensitivity may range from 200 or more ram 
per volt on the plates to 10 volts per mm, and it may 
be accurately controlled. 

If, instead of eonnectiog the fiber to a battery 
of dry cells, the fiber is connected through a resis¬ 
tance to one of the plates, the instrument will give 
steady deflections for alternating differences of po^ 
tential. When used on differences of potential of 
iJiis sort, it is very sensitive and readings may be re¬ 
peated with accuracy. 

The fiber fidiould be drawn from ordinary sodium 
gl^ tubing and silvered. Its diameter should be 
something like .2nun -knd for voltmeter work should 
be uniform throughout the whole length. The fact 
that it ^ a hollow cylinder insures high elasticity 

SPECIAL 

SaWaCT OF INHIBITINO FACTOR FROM 

normal tissues on spontaneous 
tUMORSOPMlCB 

4 pirevious <H»nmtmioation evidence was pre- 
widish indicated that a factor or substance could 


and small inertia, and these properties give high 
damping in ordinary air and a short period to the 
moving member. Fibers of this sort usually come to 
rest at the position of maximum steady deflection in 
less than .1 second. 

(2) When used as an oscillograph a differently 
shaped fiber U required. 

If the instrument as described above is used on 
alternating differences of potential with the uniform 
fiber chaiged from the battery as in Fig. 1, it ia 
easily possible to set up nodes and loops like those 
in a vibrating rod in \he fiber. While not useful in 
this condition for the study of wave forms, it is very 
good for the study of vibrations of rods and the like. 
It lends itself nicely to projection before a class, and 
when used with a stroboscope it shows the vibrations 
of the fiber clearly and distinctly in detail. 

If the fiber is drawn so as to taper from a reason¬ 
able thickness (perhaps .5 ram) at the upper end to 
hair-like thinness at the free lower end, the stiffer 
upper part will not vibrate, but the lower fourth or 
thereabouts will, because of its extreme lightness, fol¬ 
low the variations of the field with no period of its 
own. 

In this condition the fiber will follow audio fre¬ 
quency waves with fidelity when the plates are con¬ 
nected across a source. In connection with a micro¬ 
phone and a one-stage amplifier, voice currents, etc., 
may be recorded with great nicety. Records have 
been made of complex waves from various sources, 
such as organ pipes, orchestral music through the 
radio, the human voice, etc. 

Since the moving part of this instrument is very 
small and light its jnotion in the field between the 
parallel plates disturbs the uniformity of the field 
very little. Therefore the source of the potential 
under measurement has to supply a very small charg¬ 
ing current to the plates, and consequently very little 
energy. The exceedingly small amount of energy re¬ 
quired to operate the instrument makes it useful in 
work where the source under investigation is very 
weak. 

Because of the fact that its current requirement is 
so small, the authors have spoken of the instrument 
somewhat loosely as an ^^electrostatic oscillograph/’ 
Benjamin Allen Wooten 
WiLBUB T. Haeris 

UmvBasiTT OF Alabama 

ARTICLES 

be extracted from mouse placenta and embryo skin 
wbibh had a definite inhibiting action on the growth 
of transplanted mouse carcinoma. It has also been 
shown that an inhibiting factor isolated from a fowl 
sar^ma which was capable of neutralising the causa* 
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tive agent of this tumor also inhibited the growth 
of transplantable mouse sarcoma. It was suggested 
that these factors were related to the substanoes 
which control the growth tendency of normal celle. 
The present report is an account of the effect of the 
normal tissue factor on the spontaneous mouse tumors. 

Material: The animals used in the tests all came 
from inbred families of mice with high mammary 
cancer rates. The source of the inhibitors tested was 
late term mouse placenta and the skin of embryos of 
the same period. The tissues were finely minced, 
spread in a thin layer and dried in vacuo at sub*7yero 
temperature. After desiccation was complete the ma¬ 
terial was powdered, thoroughly extracted with water 
(0.1 gin to 1 cc) and the larger particles removed 
by (K*ntrifugation. 

Group 2: This series was made up of 59 mice hav¬ 
ing H total of 85 primary mammary tumors, which 
were classed as medium to largo size. The tumors 
were removed by operation and the operated field 
washed with embryo skin or placenta extract. In 57 
of the animals, two grafts were taken from the re¬ 
moved tumor, one immersed in the test fluid and the 
other in Hinger^s solution, and then both were in¬ 
oculated into the mouse from which the tumor had 
been removed. Only those animals living over five 
weeks after the operation are included in the follow¬ 
ing table. For controls tumor mice from the same 
families were operated on and grafts returned with¬ 
out treatment to the field of operation ox to the tumor 
grafted to another site. 

TABLE I 

Fate of Autografts 



Grew 
Per cent. 

Doubtful or 
no growth 
Per cent. 

20 tumors removed: 

Autografts treated with embryo 
skin extract 

50.0 

50.0 

Autografts not treated 

75.0 

25.0 

37 tumors removed; 

Autografts treated with placenta 
extract 

21,6 

78.4 

Autografts not treated 

78.4 

21,6 

64 tumors removed: 

Autografts, no treatment to 
graft or wound 

96.9 

3.1 


Liooal Ueourrence Following Operation 

Per cent. 

S7 treated with skin extract 3 recurrences 11.1 

68 treated with placenta extract 3 recurrences 5.2 

89 with no treatment 44 recurrences 49.4 


Judged by the marked reduction in local recurrences 
and the large number of treated autografts which 
failed to grow the results seem defluite. The average 


length of life is sometimes over 80 days with 18.6 per 
cent, still living. There is a suggestion in the above 
table of some generalized action of the inhibitors in 
that the untreated autografts grew less well in ani^ 
mals which had received a certain amount of the in¬ 
hibitor in the operated wound and with the treated 
graft (75 and 78.4 per cent.) than the autografte in 
animals receiving no treatment (96.9 per cent.). It 
is of interest to note that in a control series 32 per 
cent, of the 50 mice developed new primary tumors, 
while in the treated group only 4, or 6.8 per cent,, 
had new tumors. 

Group II: The more crucial test of the inhibiting 
action would be its effect on the spontaneous tumor 
undisturbed by operative procedure. To eliminate any 
possible local interference with blood supply to the 
tumors the injections of the tost fluids were made 
mtraperitoneally at weekly intervals. The group in¬ 
cludes 91 mice with 127 well-established primary 
tumors, all from inbred stocks with high mammary 
cancer rates. Of these 40 were treated with embryo 
skin extract and 51 with placenta extract. The aver¬ 
age size of these tumors was somewhat smaller than 
those used in the operated series. The results are 
given in Table II. 


TABLE II 


Number of tumors in mice 
treated with embryo skin 
extract 

Continued growth , . 

Stationary or slight retro¬ 
gression 

Marked retrogression 

Complete absorption 

Number of tumors in mice 
treated with placenta ex¬ 
tract , . 

Continued growth 

Stationary or slight retro¬ 
gression . 

Marked retrogression 

Complete absorption 


Per cent. 


60 





20 




33.3 

17 

28.3 

Per 

cent. 1 


7 

11.7 

< ( 

tt 1 

- 66.7 

16 

26.7 

i t 

“ J 



67 



21 


81.3 

16 23.9 Per 

cent. I 


17 25.4 ‘‘ 

“ [ 

68,7 

13 19.4 

“ J 



The figures given above, where only 33.3 per cent, 
of the tumors in one series and 31.3 per cent, in the 
other continued to grow after treatment was started, 
may be compared with our experienoc with hundreds 
of untreated tumor animals from the same stocks 
followed in this laboratory. Steady, progressive 
growth is the rule, with temporary cessation of growth 
or retrogression a rare occurrence, and the absorption 
of an established tumor of such unusual occurrenoe 
as to require no consideration in the analysis of the 
above figures. The average time the treal^ animidB 
have been under observation has been about 60 days, 
with a number ktill living. 
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Jims 30, 1933 

#■ 

I'here Beems to be little doubt that the oxtraots of 
the two tissues which have previously been shown to 
reduce the takes of transplanted cancer have an influ- 
euee on natural or spontaneous cancer. This inhibit¬ 
ing action is evident not only on the local post-opera¬ 
tive recurrence, and the growth of autografts where 
there was direct contact between the extracts and the 
cancer cells, but is observable likewise on untreated or 
unoperated tumors at a distance when the inhibiting 
materials were injected into the peritoneal cavity. 

We do not consider that the results stated neces¬ 
sarily establish the hypothesis on which the experi¬ 
ment was based, for the complexity of the materials 
makes it quite possible that this explanation is not the 
correct one. The general relations between the fac¬ 
tors which influence the origin and growth of spon¬ 
taneous tumors, the balancing mechanism of normal 

tissues, and the inhibitor which has been isolated from 
* 

the chicken sarcomas can not be seriously discussed 
until further knowledge is available. 

A more detailed report, including data on histo¬ 
logical types of the tumors, metastasis occurrence, etc., 
will be published later. At present the results re¬ 
corded here are considered of only theoretical im¬ 
portance. 

James B. Murphy 
Ernest Sturm 

BOCTKETELLEa INSTITUTE FOR 
Medical BESEAacn, 

New York 

FUNDAMENTAL LIMITS TO THE SIZES OF 
CLASTIC GRAINS 

Ten years ago the writer presented a scale of size 
limits for the terms boulder, cobble, pebble, granule 
and sand, silt and clay grains.^ The scale was based 
on average prevailing opinion and stated in units to 
conform to certain sieve openings in the mechanical 
analysis scale first used extensively by Udden.® With 
growing precision in terminology and increasing use 
of quantitative methods of analysis of detrital mate¬ 
rials, the usage suggested by the writer has been 
generally accepted, with only occasional modification 
of certain terms. 

Names for the unconsolidated and consolidated ag¬ 
gregate were also proposed and differ from the frag¬ 
ment names chiefiy in the bracketing of the aggregates 
of boulders, cobbles, pebbles and granules under the 
single name ^^gravel.^’ In this usage there is tacit 
implication that the materials gravel, sand, silt and 
clay are of equal rank in classification. Aside from 

< 0. K. Wentworth, * * A Scale of Grade and Olass Terms 
for Olastie Bediments, ’ ’ Jour, of Ooology, 30; 377-^92. 
1922. 

sJ. A. Udden, ** Mechanical Composition of Clastic 
Sediments,’' Oool, Soe, Amer, SuU,, 26: 656-744. 1914. 


purely arbitrary division into classes of equal width 
on an arithmetic or geometric scale,-equality of rank 
would result only from the use of limits having co¬ 
ordinate natural or genetic significance. 

Recently, the writer was led to further consideration 
of these terms and the conclusion was reached that 
the seeming narrow unity of the materials sand, silt 
and clay and the wide size range in the gravel class 
probably represent an unconscious recognition by 
man, layman as well as geologist, of certain genetic 
units based on the several fundamental modes of 
transport by running water and on several modes 
of derivation from parent rocks. This interpretation 
is shown in the following table: 



TABLE I 


Mode of trans¬ 
port 

Usual source 

Name of 
aggregate 

Traction 

All available hard 

Gravel 


rooks 


Inertia 

Mono-mineral grains 

Sand 

Buspeneion 

of phanerites 



(chiefly) 


Viscous 

Mono-mineral grains 

Silt 

suspension 

of any rocks 



(chiefly) 


Colloidal 

Molecularly decom¬ 

Clay 

suspension 

posable materials 



In Table I there are listed four distinct modes of 
handling which occur in running water. Both trac¬ 
tion and inertia suspension take place approximately 
in accordance with the so-called Sixth Power Law, 
which postulates a complete transfer of kinetic energy 
from water to particle and which makes no allowance 
for the subsidiary effect of viscous drag. Viscous 
suspeusion, on the other h/^, accounts for the trans¬ 
port of finer particles in which the surface effect is 
greater relative to the mass. The size-velocity rela¬ 
tionship in this range is defined by the well-known 
Stokes Law.® Still smaller particles arc kept in sus¬ 
pension chiefly by the kinetic effects found in dis¬ 
persed systems, t.e., colloid systems. 

It should, of course, be recognized that none of the 
lines of demarcation betweep these modes of trans¬ 
port are sharp and that water-transported detrital 
materials occur in a continuous series from large 
boulders to clay particles. However, it appears that 
eaoh of the processes of transportation has an 
optimum range in nature and that only partial over¬ 
lapping occurs. Where more than one of the 

8 G. G. Stokes, the Effect of the Internal Friction 
of Fluids ott the Motion of Fenduloms," TroM. Cam- 
bridge PHUob, Boo,, Vol. 9, part 2, pp. 8-106, espee. 
sec. 4, pp. 48-67, 1861. 
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processes is carried on concurrently by the same 
stream, the processes are either found quite distinct 
in different parts of the stream, or the conditions of 
flood and tumultuous flow are obviously iil>adapted 
to effective segr^egation of the grains by sizes. 

If the thesis here implied be correct, the several 
processes are sufficiently distinct, in spite of over¬ 
lapping due to variation in velocity, so that detrital 
materials found in natural deposits occur more 
abundantly well within the individual coarseness 
ranges represented by gravel, sand, silt and clay, than 
in the ranges transitional between those classes. The 
assumed arrangement of these modes is shown in 
the figure. 



^ ^ ' i *5 v" s ' 4 ' 4'4 


Fra. 1 

Column two of Table I suggests a possible further 
natural contrast of sizes. It is thought that 
phanerites with grain sizes from i mm to 2 or 3 mm 
are enormously more abundant than similar rocks 
of coarser grain and that these furnish quartz grains 
preponderantly in tlm sand sizes. Among acid rooks, 
those of finer grain than i mm are. subordinate to the 
coarser ones.* Aphanitic basic rocks are exposed over 
far larger outcrop area than coarser basic rocks. Few 
basic rocks yield mono-mineral grains 0f sufficient 
durability to exert any important effect in fixing 
sand sizes. By far the most important control ex¬ 
erted by the grain size of igneous rocks is due to the 
predominant sizes of quartz grains in granites. 

In the calcareous detrital sediments of certain 
beaches, the sizes of shells or of other parts of par¬ 
ticular species of animals locally give rise to some¬ 
what homogeneous, well-sorted seduhents. In par¬ 
ticular, one may note the opercula of turbo snails, 
segments of sea-urchin spines and the tests of foram- 
inifera.^ These are, of course, much too localized 
to have bean s^ificant in fixing the edtablished con¬ 
cept of sediment grades. 

Some may point out that the foregoing discussion 
is based on the assumption that detrital sedimentary 
materials have been chiefly sorted by water. The 
reply is that materials chiefly assembled by other 
agencies are mostly not readily classifiable in the 
common terms. For example, glacial till requires a 
name of its own, the material of kames and eskere 

A. Daly, ** Igneous Bocks and Their Originpp. 
4»-52, 1914. » » re 

6C. K. Wentworth and H* S. Ladd, Pacific Island 
Sediments,^' Undv. of Iowa Studier in Natural History, 
Vol. Xin, No. 2, pp. 19-28,1981. 


depori^d by water imder pompwhat natiaiial eondi* 
tioius is Gommoxdy a aomewhet indetemiiiate inixinre 
of aand and gravel 

IjOcss, derived perhaps largely from giaeUd silt and 
deposited by the wind, does not eonespetid exactly 
either with sand or silt or day. Most so^ are also 
cases in point. Materials aecumulAted thtongh ufi- 
perfeet action of water are commonly dhOKeolt to 
classify, such as many of the deposits of arid regions 
and terrace materials deposited by streams excessively 
flooded by glacial or other waters. 

We are forced to recognize that the gravel-sand- 
siit-olay scale is an aqueous scale and there appears 
to be a true genetic, even if complex, basis for the 
grades represented by our common size terms. Wind 
action may result in superior sorting of sands 
originally accumulated by aqueous agencies. Whether 
a well-sorted, well-rounded, mature sand has ever 
been produced exclusively by the action of wind on 
the debris from a granite or other suitable rock may 
well be doubted. If such derivation has taken place, 
it must be very exceptional and very local. 

Chestkb K. Wentworth 

Washington University, St. Louis 
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